AO-AO**  054  6KAN0  RIVER  BASIN  COORDINATING  COMMITTEE  DETROIT  MI  F/0  S/6 

GRAND  RIVER  BASIN  MICHIGAN.  COMPREHENSIVE  WATER  RESOURCES  STUDY— ETC (U) 
MAY  TO 


UNCLASSIFIED  NL 


1 OP 

AO 

A0440&4 

a 

•*j=” 

• 

> - 

-A- 

s 

3h  ^ 

• -"T-  ' 

V*  , 

% 

• 'f- 

P 

1 

1 

L 

> 

j 

' 

i 

L 

4. 

■ - 

% 

j 

L 

'4 

s 

r 

V 

1 

1 

1 

\ 

r 

i 

A044 054 


GRAND  jtIVER  BASIN 

? ^ MICHIGAN  r 


S>onton] 


Muskegon 


Crond 

Rfipidf 


Ion  10 


St  john« 


INGHAM 


BARRY 


JACKSON 


jockton 


'COMPREHENSIVE 

WATER  RESOURCES, 
STUDY. 


yOLUME  12  * 

^PENDIX  f;  ^geology  and  groi 
and  mineral  resources 

P r e ^~r e d"  p e r v i s i o n of  th 

GRAND  RIVER  BASIN  COORDINATING  C( 
Chairmanship:  j>S- AcDnYXoflineer  Distric 


TABLE  OF  CONTENTS  (continued) 


Page 

SECTION  VI  THE  ROLE  OF  GROUND  WATER  IN  WATER  Number 

MANAGEMENT  PROGRAMS  E-51 

1.  Ground  Water  - Surface  Water  Relationship 

Considerations  E-51 

2.  Artificial  Recharging  of  Aquifers  E-57 

3.  Supplementing  Stream  Flow  with  Water  from  Ground 

Water  Reservoirs E-58 

SECTION  VII  POSSIBILITY  FOR  FUTURE  ADDITIONAL  GROUND  WATER 

DEVELOPMENT E-59 

1.  Development  of  Additional  Supplies  for  Municipal, 

Institutional  and  Industrial  Use  E-59 

2.  Additional  Development  for  Irrigation  E-60 

SECTION  VIII  DEEP  DISPOSAL  OF  NOXIOUS  WASTES  E-62 

SECTION  IX  DEEP  STORAGE  AND  RECOVERY  OF  LIQUIDS E-64 

SECTION  X RECOMMENDATIONS  FOR  ADDITIONAL  GROUND  WATER 

STUDIES E-65 

1.  Areal  Studies E-65 

2.  Monitoring  Studies  E-65 

3.  Research  Studies  E-65 

SECTION  XI  BIBLIOGRAPHY  E-67 


e-ii 


TABLE  OF  CONTENTS  (continued) 


TABLES 


Page 

Number 


1 Well  construction,  yield  and  quality  of  water  data  for 
wells  in  the  Upper  Grand  and  Portage  River  basins  . . . 

2 Well  construction,  yield  and  quality  of  water  data  for 

wells  in  the  Maple  River  basin  

3 Well  construction,  yield  and  quality  of  water  data  for 

wells  in  the  Flat  River,  Rogue  River,  and  Prairie  Creek 
basins  

Well  construction,  yield  and  quality  of  water  data  for 

wells  in  the  Thornapple  River  basin E-74 

Well  construction,  yield  and  quality  of  water  data  for 

wells  in  the  Lower  Grand  and  Crockery  Creek  basins  . . E-75 

Storage  Reservoirs  for  deep  Waste  Disposal  E-76 

I 


4 

5 

6 


Table 

Number 


1 


TABLE  OF  CONTENTS  (continued) 
FIGURES 


Figure  Page 

Number  Number 

E-1  Ancestral  Grand  River  and  glacial  predecessors  to  Lakes 

Michigan,  Huron  and  Erie.  (Map) E-5 

E-2  Bedrock  geology  of  the  Grand  River  basin.  (Map)  E-7 

E-3  Generalized  geologic  cross  section  through  the  Grand  River 

basin E-8 

E-4  Bedrock  topography  and  inferred  preglacial  drainage.  (Map).  E-9 

E-5  Glacial  geology  of  the  Grand  River  basin.  (Map)  E-11 

E-6  Configuration  of  the  water  table  and  generalized  direction 

of  ground-water  flow.  (Map)  E-13 

E-7  Thickness  of  the  glacial  drift  in  the  Grand  River  basin. 

(Map) E-16 

E-8  Subareas  of  the  Grand  River  basin.  (Map)  E-23 

E-9  Availability  of  ground  water  in  the  Upper  Grand  and  Portage 

River  basins.  (Map) E-24 

E-10  Quality  of  water  data  for  the  Upper  Grand  and  Portage  River 

basins.  (Map)  E-25 

E-11  Ground-water  availability  data  for  the  Gedar,  Lookingglass 

and  Maple  River  basins.  (Map)  E-28 

E-12  Quality  of  water  data  for  the  Gedar,  Lookingglass  and  Maple 

River  basins.  (Map) E-29 

E-13  Ground-water  withdrawals  in  the  Lansing  area.  (Map)  ....  E-34 

E-14  Ground-water  availability  data  for  the  Flat  River,  Rogue 

River  and  Prairie  Greek  basins.  (Map)  E-37 

E-15  Quality  of  water  data  for  the  Flat  River,  Rogue  River  and 

Prairie  Greek  basins.  (Map)  E-39 

E-16  Water  availability  data  for  the  Thomapple  River  Basin. 

(Map) E-42 

E-17  Quality  of  water  data  for  the  Thomapple  River  basin. 

(Map) E-43 

e-iv 


• *■  f "• 


I 


1 


1 


i 


'1 


TABLE  OF  CONTENTS  (continued) 


Figure 

Number 

Page 

Number 

E-18 

Water  availability  data  for  the  Lower  Grand  River  and 

Crockery  Creek  basins.  (Map)  

E-46 

E-19 

Quality  of  water  data  for  the  Lower  Grand  River  and 

Crockery  Creek  basins.  (Map)  

E-48 

, E-20 

Areal  contribution  to  streamfl<iw  in  the  Grand  River 

basin.  (Map)  

E-53 

E-21 

Graph  illustrating  the  effect  of  an  irrigation  well  on 
the  flow  of  a stream.  . 

E-55 

E-22 

General  availability  of  ground  water  for  irrigation  from 
bedrock  and  glacial  drift  aquifers  in  the  Grand  River 
basin.  (Map)  

E-61 

>QROUND-WATEK  RESOUitCES  AliD  GEOLOGY 
OF  THE  GRAND  RIVER  BASIN,  MICHIGAN 
SECTION  I 
SUMMARY 


The  Grand  River  basin  is  underlain  by  deposits  of  glacial 
drift  that  mantle  beds  of  sandstone,  shale,  limestone,  and  other 
sedimentary  bedrock  of  Paleosoic  age.  Most  of  the  local  topographic 
featiires  are  the  result  of  erosional  and  depositional  processes  of 
glaciation.  The  general  basin  shape,  however,  reflects,  to  a large 
degree,  the  configuration  of  the  underlying  bedrock  surface. 

The  principal  aquifers  in  the  basin  include  beds  of  sand 
and  gravel  of  glacial  origin  and  bedrock  formations  of  sandstone 
and  limestone.  As  these  aquifers  vary  considerably  in  permeability 
from  one  area  to  another,  maximum  well  yields  range  from  less  than 
10  gpm,  (gallons  per  minute)  to  more  than  1000  gpm.  Principal  areas 
where  wells  generally  yield  more  than  300  gpm  are  (l)  along  the  southern 
edge  of  the  basin  where  the  Marshall  Formation  is  the  principal 
aquifer;  (2)  the  Lansing  Metropolitan  area  where  the  Saginaw 
Formation  is  the  principal  aquifer  and  (3)  the  north-central  part 
of  the  basin  where  glacial  deposits  form  the  principal  aquifer. 

The  remaining  area  of  the  basin  is  underlain  by  aquifers  that 
generally  yield  only  small  to  moderate  supplies  of  water  to  wells 
Locally,  however,  large  supplies  can  be  obtained  even  in  these 
areas . Large  yields  generally  can  be  obtained  from  wells  adjacent 
to  streams  where  the  aquifers  are  recharged  by  the  streams. 

The  quality  of  the  ground  water  in  the  basin  also  varies 
with  the  location  and  depth  of  the  well  and  with  the  aquifers  tapped. 
Most  of  the  water  obtained  from  wells  is  hard  to  very  hard,  and  much 
of  it  contains  objectionable  concentrations  of  iron.  Most  water  can 
be  made  satisfactory  for  nearly  all  uses  with  commonly-used  water 
treatment  processes  and  equipment.  Many  people  consider  the  water 
satisfactory  for  household  use  without  treatment. 

Some  wells  tapping  the  Saginaw  Formation  in  the  Cedar,  Look- 
ingglass,and  Maple  River  basins,  yield  soft  water  with  low  iron 
content.  Where  the  Michigan  and  Bayport  Formations  crop  out,  or  are 
mantled  directly  by  glacial  drift,  wells  commonly  yield  excessively 
hard  water.  Saline  water  is  present  at  depth  throughout  the  basin, 
and  in  some  localities,  saline  water  is  at  relatively  shallow  depth. 

The  ground-water  resources  are  utilized  by  many  communities, 
industries,  and  by  most  farmers  and  rural  residents  as  a source  of 
water  supply.  The  groxind-water  reservoirs,  although  extensively 
utilized  at  the  present,  have  considerable  potential  for  additional 
development.  Most  communities  in  the  basin  should  be  able  to  obtain 
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adequate  water  supplies  from  the  ground-water  reservoirs.  A few 
communities  may  have  to  import  water  from  wells  a mile  or  two  outside 
their  corporate  limits.  Two  localities  where  the  ground-water 
reservoirs  may  be  overdeveloped  by  the  year  2020,  are  Lansing  and 
Jackson.  One  of  the  chief  problems  that  will  result  from  continued 
ground-water  development  in  these  \irban  areas  will  be  a reduction 
in  streamflow. 

One  of  the  more  rapidily  growing  demands  for  water  is  for 
irrigation  of  farm  crops.  Irrigation  deimmds  are  expected  to 
increase  most  rapidly  in  the  north-central  part  of  the  basin.  Although 
additional  supplies  are  available  from  the  ground-water  reservoirs, 
large  withdrawals  may  result  in  significant  depletion  of  streamflow. 

Continued  development  of  the  ground-water  resources  in  the 
basin  will  necessitate  some  additional  water-management  programs.  One 
important  management  program  would  be  the  development  of  facilities 
to  artificially  recharge  the  groiand-water  reservoirs.  Use  of  ground 
water,  through  withdrawal  from  wells,  to  supplement  streamflow  during 
periods  of  low  flow  may  also  be  an  important  water  management  tool. 
Studies  are  needed,  however,  to  determine  if  and  where  artificial 
recharge  and  streamflow  supplementation  projects  are  practical  and 
feasible. 

The  deep  buried  bedrock  formations  of  the  basin  may  be  used 
for  disposal  of  noxious  wastes  through  injection  in  deep  wells. 

The  practicality  and  feasibility  of  this  type  of  waste  disposal  in 
any  location  must  be  determined  by  test  drilling  and  related  hydro- 
geologic studies. 

SECTION  II 
INTRODUCTION 

This  report  was  prepared  by  the  Water  Resources  Division  of 
The  U.  S.  Geological  Survey  as  a part  of  the  Grand  River  Basin 
Comprehensive  Study.  The  study  was  made  with  funds  administered 
by  the  U.  S.  Corps  of  Engineers. 


1.  PURPOSE  AND  SCOPE 


The  purpose  of  this  study  is  to  provide  information  and 
data  on  the  ground-water  resources  of  the  basiri  that  can  be  used 
in  the  general  planning  of  water-supply  facilities  and  water- 
management  programs.  The  report  describes  the  major  ground-water 
features  of  the  basin;  the  broad  areas  where  the  ground-water 
resources  have  been  or  can  be  developed  for  major  water  supply;  the 
general  effects  of  such  development  on  other  water  uses  and;  how 
the  ground-water  resources  can  best  be  utilized  in  water  management. 
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2 . METHODOLOGY 


* 

The  principal  method  used  in  this  investigation  was  to  j 

assemble  and  collect  from  the  files  of  the  U.  S.  Geological  Survey 
and  other  governmental  agencies  all  readily  available  data  on  wells, 
geology,  and  water  quality,  and  to  analyze  and  interpret  these  data. 

The  infomation  thus  gained  was  supplemented  with  data  collected  from 
well  drillers  and  other  private  sources.  Additional  data  on  water 
quality  were  obtained  through  collection  of  water  samples  from 
selected  wells,  springs  and  streams.  The  samples  were  analyzed  at 
the  Uo  S.  Geological  Survey  quality  of  water  laboratory  at  Columbus 
Ohio. 

Streamflow  data  were  obtained  at  26  sites  in  the  basin 
specifically  for  this  project.  In  addition,  streamflow  data  were  also 
available  at  about  30  other  sites.  These  data  were  used  to  define  the 
low-flow  characteristics  of  the  streams. 

The  low-flow  characteristics  were  used  as  an  aid  in  defining 
the  occurrence  of  ground  water  in  the  water  sheds  of  the  basin. 

Watersheds  underlain  by  a highly  permeable  aquifer  at  shallow  depth 
generally  are  drained  by  streams  that  have  large  dry-weather  flow — 
in  terras  of  runoff  per  square  mile  of  drainage  area.  Watersheds 
underlain  by  sediments  of  low  permeability  generally  are  drained  by 
streams  that  have  little  or  no  discharge  diiring  dry-weather  periods. 

^ Although  dry-weather  flow  is  affected  by  factors  other  than  the 

permeability  of  the  underlying  earth  materials,  within  the  Grand 
River  basin  low- flow  characteristics  provide  a useful  index  to  the 
availability  of  ground  water,  especially  from  the  shallow  aquifers. 

Low- flow  characteristics,  in  combination  with  geologic  and  well-yield 
data,  have  been  used  as  the  primary  tools  in  determining  the  overall 
availability  of  ground  water  in  the  basin. 

Estimates  of  the  effects  of  ground-water  development  on 
streamflow  in  the  basin  are  included.  As  the  study  was  not  of  suffi- 
cient scope  to  provide  accurate  deteminations  of  these  effects, 
the  estimates  should  be  used  with  care.  Actual  depletion  of  streamflow 
could  be  only  half  as  much,  or  perhaps  half  again  as  much  as  that 
indicated. 

3.  PHYSIOGRAPHY  OF  THE  BASIN 

The  Grand  River  basin  evolved  during  the  retreat  of  the  last 
of  the  great  continental  glaciers  that  at  one  time  covered  all 
of  Michigan  and  much  of  North  America.  Although  size  and  general 
basin  shape  are  controlled  to  a large  degree  by  the  topography  of 


the  underlying  bedrock  surface,  most  surface  features  relate  to 
glacial  action. 

The  eastern  three-fourths  of  the  basin  is  underlain  by 
sediments  deposited  from  glacial  lobes  which  advanced  from  and  then 
melted  back  towards  Saginaw  Bay.  The  western  quarter  is  underlain 
by  sediments  deposited  from  glacial  lobes  advancing  from  and  melting 
back  towards  Lake  Michigan.  The  two  lobes  met  and  coalesced  along 
a north-south  line  near  the  center  of  Kent  County.  The  interlobate 
area,  that  is,  the  area  where  the  two  glacial  lobes  met,  generally 
is  one  of  rugged  topography. 

The  Grand  and  Maple  Rivers,  flow  in  part  through  a valley 
cut  by  a much  larger  glacial  river  (1/392)  which  drained  several 
large  glacial  lakes  covering  an  area  that  includes  Saginaw  Bay  and 
Lakes  Erie  and  St.  Clair  (fig.  l) . Over  an  extended  period  of  time, 
this  older,  more  vigorous  ancestor  to  the  Grand  River  cut  a broad 
deep  valley  into  the  glacial  sediments.  This  valley  is  a major 
physiographic  feature  of  the  basin.  Tributaries  of  the  Grand  River 
in  this  area  have  entrenched  themselves  to  the  base  level  of  this 
valley. 

The  total  relief  between  Lake  Michigan  and  the  highest  points 
in  the  basin,  which  are  in  southern  Jackson  County,  is  about  700 
feet.  The  maximiim  local  relief  is  between  the  banks  of  the  Grand 
River  and  the  adjacent  highlands  in  the  area  of  the  entrenched  channel 
of  the  ancestral  Grand  River  and  ranges  from  200  to  275  feet.  Nearly 
all  areas  with  200  or  more  feet  of  local  relief  in  the  basin  are 
along  the  entrenched  channel  of  the  Grand  River.  Areas  of  such 
major  local  relief  probably  constitute  less  than  20  percent  of  the 
basin. 

The  major  part  of  the  basin  is  rather  flat  and  featureless. 

The  maximum  local  relief  in  the  areas  upstream  from  I'laple  Rapids, 
Portland,  and  Hastings  generally  range  from  50  to  75  feet.  The 
areas  of  little  local  relief  commonly  are  poorly  drained.  Swamps 
and  marshes  make  up  a significant  part  of  the  Maple,  Lookingglass, 
and  Cedar  River  basins . The  upper  reaches  of  the  Flat  and  Rogue 
River  basins  include  extensive  and  numerous  swamps,  marshes,  and 


(1/ 392)  The  first  of  these  numbers  refers  to  the  number  of 
the  publication  listed  in  the  bibliography.  The  second, 
when  listed,  refers  to  the  page  referenced. 


GRAND  RtVER  BASIN,  MICHIGAN 


Ancestral  Grand  River  and  glacial 
predecessors  to  Lakes  Michigan, 
Huron  and  Erie* 


U.S.  GEOLOGICAL  SURVEY,  LANSING 


many  lakes  as  does  the  middle  part  of  the  Thornapple  Piver  tisin  and 
the  upper  part  of  the  Grand  Piver  basin. 


The  upper  part  ol  the  Maple  Piver  basin  and  the  lower  part  of 

' I the  Grand  Piver  basin  are  formed  on  sediments  of  ancient  placial  lakes 

' ( fi^’.  1).  The  flat  lake  plains  in  the  lower  part  of  the  basin  have 

been  entrenched  by  the  <"rand  River  and  its  tributaries. 

‘ SECTION  III 

CEOLOOV 

The  Grand  River  basin  is  underlain  by  a thick  sequence  of 
consolidated  sediments  of  Paleozoic  ac^e  (fin.  2).  These  rocks  are 
mantled  by  deposits  of  unconsolidated  clay,  silt,  sand  and  f^ravel  of 
alacial  orinin.  Locally,  the  glacial  deposits  are  covered  by  or 
include  organic  sediments  deposited  in  swamps,  marshes  and  lakes  left 
by  the  receding  qlaciers. 

; Some  of  the  bedrock  formations  underlvinn  the  Grand  Piver  basin 

comprise  the  most  important  aquifers  in  the  state.  The  (glacial  deposits 
also  are  important  sources  of  water  supply. 

1.  BEDROCK  GEOLOGY 

The  bedrock  formations  of  the  Grand  ^iver  basin  were  deposited 
in  larme  seas  which  covered  most  of  the  Great  Lakes  States  and  adjacent 
parts  of  Canada  durir.r  the  Paleozoic  Era.  The  formations  deposited  are 

I composed  primarily  of  sandstone,  limestone,  dolomite,  and  shale,  but 

include  beds  of  salt,  qypsum  and  anhydrite,  and  some  thin  beds  of  coal. 

a.  Bedrock  Structure.  The  Southern  Peninsula  of  ’■'ichipan  is 

‘ centered  over  a lar^e  Lasinlike  qeclopic  structure  wherein  the  bedrock 

formations  resemble  a piqantic  set  of  nested  shallow  bowls,  "^ims  of 
the  largest  of  these  bowls  crop  out  in  the  Coper  Peninsula  and  in 
adjoinine  States  and  Canada.  The  upper,  younrer,  and  smaller  of  the 
bowl-shaped  formations  are  confined  to  tie  Lower  Peninsula. 

^ The  Grand  River  basin  overlies  the  south  and  south  western  part 

of  this  structure  (fig.  3).  The  'formations  underlying  the  basin 
generally  dip  gently  north  and  east  toward  the  center  of  the  basin 
structure.  The  extreme  eastern  part  cf  the  basin  extends  over  the 
west  flank  of  the  Howell  anticline.  In  this  area  the  bedrocks  dip 

steeply  to  the  west. 

I 

b.  Bedrock  Topography.  The  bedrocks  of  the  Grand  Piver  basin 
were  exposed  to  the  forces  of  weathering  and  erosion  by  wind  and  water 
throughout  most  of  the  “esozoic  and  Cenozoic  Eras — a period  of  at  least 
200  million  years.  The  present  configuration  of  the  bedrock  surface 
(fig.  4)  is  the  result  of  erosion  during  this  period  and  the  period 

of  glaciation  which  followed  it. 
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In  preglacial  time  streams  within  the  area  of  the  Grand 
River  basin  apparently  drained  into  a large  river  which  flowed  along 
the  central  length  of  what  is  now  Lake  Michigan.  The  drainage  divide 
of  the  preglacial  stream  system  coincides  roughly  with  the  present 
drainage  divide  along  the  southern  and  eastern  boundaries  of  the  Grand 
River  basin.  In  the  southeastern  half  of  the  basin,  the  general 
slope  of  the  preglacial  land  surface  and  general  direction  of  flow  of 
the  preglacial  streams  were  roughly  similar  to  the  present  land  slope 
and  direction  of  flow.  In  the  nortliwestern  part  of  the  basin,  the 
preglacial  slope  of  the  land  surface  and  direction  of  drainage  were 
nearly  opposite  to  that  of  today. 


2.  GLACIAL  GEOLOGY 


The  lanconsolidated  clay,  silt,  sand  and  gravel  of  the  basin 
were  picked  up,  transported,  and  then  deposited  by  glaciers.  The 
glacial  deposits  are  a mixtiire  of  rock  material  from  many  different 
rock  formations  along  the  path  of  the  advancing  glaciers.  Some  of  the 
rock  was  carried  from  distant  areas  in  Canada  and  the  Northern 
Peninsula.  Most  of  the  rock  debris  that  makes  up  the  glacial  drift 


was,  however,  derived  from  shale,  sandstone,  and  limestone  formations 


of  the  Southern  Peninsula  of  Michigan. 


The  bulk  of  glacial  materials  were  deposited  as  the  glacier 
retreated  northward.  The  retreat  was  not  a simple  steady  process  of 
melting.  It  was  interrupted  during  intervals  when  the  ice  mass 
remained  static  in  size  or  actually  grew  larger.  Ridges  of  glacial 
sediment,  called  moraines  (fig.  5) , were  deposited  along  the  front 
of  the  glacier  during  periods  when  the  ice  front  remained  static. 

Areas  along  the  front  of  these  moraines  are  marked,  in  places,  by 
channels  which  carried  the  water  flowing  from  the  melting  glaciers. 
Nearly  all  the  present  streams  of  the  basin  flow  along  the  channels  of 
ancient  glacial  meltwater  streams.  The  present  streams  generally 
are  much  smaller  than  their  glacial  predecessors . 


The  glacial  deposits  include  a variety  of  sediment  types. 

Most  of  the  basin  is  underlain  by  till,  a mixture  of  clay,  silt, 
sand,  gravel,  cobbles,  and  boulders.  Till  is  deposited  directly 
from  the  melting  glacier  without  being  transported  or  sorted  by 
water.  Deposits  of  till  commonly  are  of  low  permeability.  The 
moraines  and  till  plains  of  the  basin  (fig.  5)  generally  are  under- 
lain by  thick  deposits  of  till. 


Deposits  of  sand  and  gravel  generally  are  associated  with 
the  channels  of  glacial  meltwater  streams.  Coarse  materials  were 
deposited  in  the  fast-flowing  waters,  the  finer  particles,  however, 
remained  in  suspension  and  were  carried  downstream  to  areas  of  quiet 
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EXPLANATION 


GLACIAL  OUTWASH  CHANNELS  AND  SPILLWAYS  \ 

Underlain  by  well-sorted,  permeable  sand  and  \ 

gravel . r 

MORAINES 

Underlain  by  till,  a mixture  of  clay,  silt,  sand, 
gravel  and  boulders.  May  Include  beds  of  permeable 
sand  an d gravel. 


TILL  PLAINS 

Underlain  by  till,  locally  may  Include  some  beds 
of  sand  and  gravel. 


LAKE  PLAINS 

Underlain  by  well  sorted  clays,  silts,  sand,  and  gravel 
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water  where  they  settled  out.  Glacial  sand  and  gravel  deposits  are 
called  "outwash"  as  the  sand  and  gravel  was  washed  out  of  the  glacier 
by  meltwater  streams.  Areas  underlain  by  outwash  tend  to  be  flat, 
narrow  and  long.  Many  outwash  areas  are  now  covered  by  swamps  and 
marshes . 

The  Grand  River  basin  contains  an  abundance  of  lakes  and 
wetland  areas,  which  were  formed  when  depressions  left  by  the  receding 
glaciers  filled  with  water.  Many  of  these  "glacial"  lakes  have 
since  been  filled  with  muck,  peat,  marl,  and  other  lacustrine  sediments 
Some  of  the  lakes  have  drained  through  erosion  of  their  outlets. 

Many  of  the  swamps  and  marshes  of  the  basin  mark  the  location  of 
drained  lakes  or  lakes  that  have  filled  with  sediment. 

SECTION  IV 

GENERAL  GROUND-WATER  HYDROLOGY 
1.  SOURCE.  OCCURRENCE  AND  MOVEMENT  OF  u ROUND  WATER 

Ground  water  is  but  one  part  or  phase  of  the  hydrologic  cycle. 

Water  enters  the  ground  when  rain  or  melted  snow  infiltrates  into  the 
soil  and  percolates  dovm  to  the  water  table  or  when  the  ground-water 
reservoirs  are  recharged  from  streamflow.  Water  moves  slowly  down 
gradient  from  areas  of  recharge  to  areas  of  discharge  along  the  streams 
(fig.  6) . Recharge  is  greatest  in  upland  areas  underlain  by  permeable 
soils,  but  can  occiir  wherever  the  land  sixrface  is  above  the  water  table 
Principal  points  of  discharge  are  springs  and  seeps  along  river  banks, 
beds  of  streams,  and  lakes.  Where  the  water  table  is  at  shallow  depth, 
ground  water  also  is  discharged  by  evaporation  and  transpiration.  In 
most  places  the  water  table  is  above  the  surface  of  adjacent  streams, 
and  because  of  this  difference  in  hydraulic  head  water  moves  from  the 
ground-water  reservoir  to  the  streams.  Locally,  however,  the  stream 
surface  may  be  higher  than  the  water  table,  and  in  these  places 
water  moves  from  the  stream  to  the  ground-water  reservoir.  Where 
ground-water  reservoirs  are  recharged  from  streams,  large  quantities 
of  water  are  or  can  be  pimped  from  wells . 

Water  moves  slowly  through  ground-water  reservoirs . The  interval 
between  recharge  and  discharge  may  vary  from  a few  days  to  many 
centuries.  Some  of  the  water  presently  being  discharged  from  the 
ground-water  reservoirs  may  have  infiltrated  into  the  ground  during 
the  period  of  glaciation.  However,  most  of  the  water  being  discharged 
from  the  shallow  ground-water  reservoirs  probably  fell  as  precipitation 
during  the  previous  few  months  or  years . Water  withdrawn  from  wells 
is  commonly  a mixture  of  waters  recharged  to  the  aquifers  over  a con- 
siderable period  of  time. 
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EXPLANATION 


WATfR  TABLf  fOHTOUR  SHOWS 
ALTITUDE  OF  WATER  TABLE. 
CONTOUR  INTERVAL  50  FEET 
CATI'H  IS  MEAN  SEA  LEVEL. 


DIRECTION  OF  GROUND-WATER  FLOW 
IN  THE  GLACIAL  DRIFT  AQUIFER. 


basin  boundary 
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Configuration  of  the  water  table 
and  generalized  direction 
of  ground-water  flow. 
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Some  of  the  aquifers  underlying  the  Grand  River  basin  also 
vinderlie  parts  of  other  drainage  basins.  In  most  places,  topographic 
divides  and  ground-water  divides  are  roughly  coincident.  Locally, 
however,  water  moves  as  underflow  across  the  basin  boundary.  The 
amoiont  of  such  underflow  to  or  from  the  Grand  River  basin  is  not 
significant  at  present;  however,  with  intensive  ground-water  development, 
it  may  be  of  sufficient  quantity  to  affect  basin  planning. 

2.  PRINCIPAL  AQUIFERS 

The  Lansing  and  Jackson  Metropolitan  areas,  most  of  the  smaller 
cities  and  towns,  and  nearly  all  the  rural  residents  obtain  their 
water  supplies  from  wells,  as  do  many  industries,  institutions,  and 
commercial  enterprises  in  the  basin.  The  extensive  use  of  ground 
water  results  largely  from  the  fact  that  the  basin  is  underlain  by 
several  aquifers  which  provide  an  economical,  prolific,  safe,  and 
convenient  source  of  water  supply.  Continued  and  additional  use  of 
these  aquifers  is  anticipated  as  the  basin  continues  to  be  developed 
to  serve  an  expanding  population. 

Some  parts  of  the  basin  are  underlain  by  two  or  more  aquifers. 

In  these  areas,  developers  of  water-supply  facilities  have  a 
choice  as  to  which  aquifer  should  be  developed.  Factors  influencing 
this  choice  include:  cost  of  development;  quality  of  water  in  the 

aquifers;  quantity  of  water  needed;  reliability  of  supply;  and  the 
maintenance  cost  of  well  and  pump  facilities.  In  many  cases  the 
most  accessible  aquifer  is  used  because  of  low  development  cost. 

Where  the  uppermost  aquifer  contains  water  of  poor  quality  or  yields 
inadequate  supplies,  wells  are  drilled  to  deeper  aquifers.  Some 
communities  have  developed  supplies  from  two  aquifers  in  order  to 
obtain  the  maximum  supply. 

A few  localities  in  the  basin  are  underlain  by  aquifers  that 
will  yield  only  a few  gpm  (gallons  per  minute)  to  wells  and  (or) 
yield  water  of  poor  sanitary  or  objectionable  chemical  quality. 

In  these  areas  the  water-user  may  have  to  accept  an  inadequate  or 
unsatisfactory  water  system,  or  he  may  decide  to  utilize  some  other 
source  of  water,  such  as  a stream. 

The  aquifers  underlying  the  basin  are  unconsolidated  (glacial) 
aquifers,  and  consolidated  (bedrock)  aquifers.  Both  types 
are  important  sources  of  water  supply.  The  following  sections 
describe  these  aquifers  in  descending  order. 

The  rock  units  in  the  basin  are  layered  and  rest  one  upon 
the  other.  Due  to  geologic  structure  of  the  basLn,  however,  all  of 
the  bedrocK  aquifers  outcrop  or  are  mantled  directly  by  glacial 
deposits  in  some  part  of  the  basin  (fig.  2) . 
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a.  Glacial  Aquifers.  The  {^lacial  deposits  (glacial  drift) 
are  composed  of  a variety  of  sediments  which  vary  considerably  in 
water-bearing  characteristics.  The  principal  water-bearing  beds  are 
composed  of  sand  and  (or)  gravel  that  was  deposited  in  glacial 
meltwater  streams.  Glacial  sediments  are  absent  or  only  a few  feet 
thick  in  some  localities,  but  are  several  hundred  feet  thick  in 
several  large  areas  of  the  basin  (fig.  7) . 

The  author  estimates  that  beds  of  permeable  sand  and 
gravel  that  might  be  utilized  for  moderate  to  large  water  supplies 
probably  comprise  less  than  20  percent  of  the  glacial  deposits  and 
underlie  about  30  percent  of  the  basin.  In  general,  the  chances  of 
obtaining  large  or  moderate  supplies  of  water  from  glacial  aquifers 
increases  with  the  thickness  of  the  glacial  sediments.  The  more 
productive  glacial  aquifers  are  in  the  northern  part  of  the  basin  where 
the  drift  is  thickest.  Wells  in  Montcalm  County,  where  the  glacial 
deposits  are  more  than  300  feet  thick,  commonly  yield  1,000  or  more 
gpm.  Locally  large  supplies  of  water  can  be  obtained  where  the 
glacial  drift  is  less  than  50  feet  thick.  In  other  localities,  only 
small  or  moderate  supplies  can  be  obtained  even  though  the  drift  is 
several  hundred  feet  thick. 

Most  of  the  sand  and  gravel  in  the  basin  was  deposited  in 
the  beds  of  glacial  meltwater  streams  or  in  deltas  where  these 
streams  emptied  into  glacial  lakes.  Thus,  much  of  the  sand  and  gravel 
"outwash"  occurs  in  long  and  narrow  bodies  along  the  courses  of  extinct 
glacial  streams.  Most  of  the  present  streams  of  the  basin  flow  along 
the  courses  of  the  old  glacial  streams.  Many  sand  and  gravel  aquifers 
are  adjacent  and  hydraulically  connected  to  these  streams.  Such 
stream-fed  aquifers  are,  or  can  be  prolific  sources  of  water  supply. 
Most  of  the  water  obtained  from  wells  tapping  such  aquifers  is 
actually  derived  from  the  stream.  The  water  obtained  commonly  is 
superior  in  bacteriological  quality  to  that  of  the  stream,  although  it 
may  contain  more  dissolved  mineral  matter. 

Some  of  the  beds  of  sand  and  gravel  are  mantled  by  till  and 
lake  deposits.  Thus,  the  map  of  the  surface  geologj’’  (fig.  5)  is 
only  a generalized  guide  to  the  availability  of  water  from  the  glacial 
sediments.  In  many  areas  test  drilling  or  geophysical  studies 
are  needed  to  accurately  define  areas  of  sand  and  gravel  aquifers 
and  the  potential  of  the  glacial  aquifers. 

Most  large-diameter  wells  tapping  drift  aquifers  in  the 
basin  yield  from  300  to  500  gpm.  Where  sand  and  gravel  aquifers  are 
recharged  from  nearby  streams,  wells  may  yield  as  much  as  1,000  gpm. 
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Thickness  of  the  i^lacial  drift 
in  the  Grand  ver  Basin* 
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(l)  Water  ji-tlity.  The  ^’laeial  drift  aquifers  are  composed 
of  rock  raaterials  derived  from  ra/iny  formations,  hence,  the  drift 
includes  a variety  of  minerals  which  are  readily  dissolved  Ly  water. 

The  water  in  the  drift  aquifers  generally  is  hard  to  very  hard  and 
commonly  contains  undesirable  concentrations  of  iron  (tables  1-S) . 
Hardness  results  from  the  presence  of  dissolved  calcium  and  magnesium, 
which  was  derived  from  carbonate  rocks  or  gypsum.  Generally,  water 
from  the  glacial  aquifers  contains  more  sulfate  than  water  from  the 
bedrock  aquifers,  with  the  exception  of  water  from  Bayport  Limestone 
and  Michigan  Formation.  The  sulfate  protably  is  derived  from 
gypsum  eroded  from  the  Michigan  Formation  and  the  red  beds. 

In  a few  places  the  drift  aquifers  yield  water  containing 
excessive  cliloride  concentrations . Generally  this  condition  is  a 
result  of  upward  migration  of  saline  water  from  deeper  bedrock. 

In  a few  localities  the  drift  aquifers  have  been  contaminated 
by  industrial  and  other  wastes.  The  presence  of  chromates,  nitrates, 
phenolic  compounds,  and  in  some  places  chlorides,  are  indications  of 
contamination.  Although  contamination  of  a drift  aquifer  may  cause 
a local  water  problem,  only  a few  instances  of  serious  contamination 
are  known  in  the  basin  (2) . 

b.  Bedrock  Aquifers. 

(1)  Red  Beds.  Beds  of  gypsiferous  shales,  red  sandstones, 
and  gypsum  underlie  areas  along  the  northern  part  of  the  basin  (fig.  2) . 
Although  these  rocks  do  not  crop  out,  they  have  been  penetrated  by 
many  oil  test  wells  and  water  wells.  The  red  beds  are  not  sources 
of  water  supply. 


EXPLANATORY  NOTE.  Although  several  standards  for  drinkLng  water  have 
been  set,  more  than  250  mg/1  (milligrams  per  liter)  of  chloride  (Cl) 
or  sulfate  (SO/)  generally  are  considered  objectionable  in  water  as  is 
more  than  0.3  mg/1  of  iron  (fe) . The  U.  S.  Public  Health  Service 
recommends  that  waters  of  less  than  500  mg/1  total  dissolved  solids  be 
used  for  municipal  supply.  Hardness  in  water  is  caused  principally  by 
the  presence  of  calcium  magnesium  ions.  According  to  the  U.  S. 
Geological  Survey  waters  containing  less  than  60  mg/1  of  hardness  are 
considered  to  be  soft;  waters  containing  from  60  to  ISO  mg/1  of  hardness 
are  considered  to  be  hard;  and  waters  containing  more  than  180  mg/1  of 
hardness  are  considered  to  be  very  hard. 


{^)  Grand  River  Formation.  Beds  of  red  and  brown  sandstone 
and  shale  of  the  Grand  River  Formation  underlie  parts  of  the  central 
area  of  the  basin.  They  crop  out  along  the  Grand  River  at  Grand 
Ledge  and  Ionia  and  are  near  the  surface  in  parts  of  Ingham  and 
Jackson  Counties. 

Tliese  rocks  were  exposed  to  erosion  by  wind  and  water  in 
preglacial  times  and  were  abraided  and  scoured  by  glacial  ice. 

As  a result  of  this  erosion,  the  beds  have  been  removed  from 
much  of  the  basin.  Where  they  remain,  they  generally  are  only 
a few  tens  of  feet  thick.  Locally,  they  are  reported  to  be  more 
than  100  feet  thick. 

The  Grand  River  sandstones  are  coarse  grained  and  in  most 
places  are  cemented  with  iron  oxide.  Drill  cuttings  from  wells  pene- 
trating these  sandstones  commonly  are  dark  brown,  deep  purple,  or 
blood  red  in  color.  The  color  results  from  the  ferruginous  (iron) 
cementing  material. 

Locally,  the  sandstones  of  the  Grand  River  Formation  are  of  low 
permeability.  Apparently  the  low  permeability  is  caused  by  the  pre- 
ence  of  ferruginous  and  other  cement  between  the  sand  grains.  Generally, 
sandstone  beds  yield  water  sufficient  for  household  needs.  Locally 
they  may  yield  moderate  or  large  supplies.  Municipal  wells  tapping 
sandstones  of  the  Grand  River  Formation  at  Lowell  yield  over  500  gpm. 
Generally,  however,  these  rocks  are  not  an  important  source  for 
moderate  or  large  supplies  of  water. 

(a)  Water  Qr^iality.  Water  from  wells  tapping  the  Grand  River 
Formation  is  hard  to  very  hard  and  generally  contains  objectionable 
concentrations  of  iron  (tables  2 and  3).  It  can  be  made  acceptable 
for  household  and  other  needs  with  commonly  used  water  treatment 
equipment. 

(3)  Saginaw  Formation.  The  Saginaw  Formation  underlies  most 
of  the  eastern  half  of  the  basin  (fig.  2)  where  it  is  the  principal 
source  of  water  supply  for  most  cities,  towns,  institutions,  industries, 
and  rural  residents.  It  is  composed  of  beds  of  sandstone,  ailtstone 
shale,  coal,  and  limestone.  The  formation  is  cyclical  (3/166),  that 
is,  the  sequence  of  beds  within  the  formation  tends  to  repeat  itself. 

In  most  places,  however,  the  cycles  are  incomplete,  either  as  a result 
of  nondeposition  or  as  a result  of  removal  of  beds  by  erosion.  Thus 
a bed  of  sandstone  of  one  cycle  may  rest  directly  on  a bed  of  sandstone 
of  an  older  cycle. 
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Wliere  the  form;ition  is  mantled  by  younger  bedrocks  it  ranges 
from  100  to  500  feet  in  thickness.  However,  part  or  all  of  the 
formation  has  been  removed  by  erosion  over  much  of  the  basin.  Thus, 
the  forma tioti  is  only  a few  feet  thick  along  its  southern,  eastern, 
and  western  edges. 

Beds  of  sandstone  and  sandy  shale  are  the  chief  water- 
bearing units  in  the  formation.  In  some  places,  the  Lansing  area  for 
example,  the  sandstone  beds  have  an  aggregate  thickness  of  more  than 
300  feet.  In  other  places,  the  formation  is  composed  almost 
entirely  of  shale.  W)iere  the  formation  is  composed  largely  of  sand- 
stone, it  will  yield  more  than  500  gpm  to  properly  constructed  wells. 
Where  it  is  mostly  shale  it  yields  only  a few  gpm.  Large-capacity 
wells  tapping  the  formation  generally  penetrate  the  entire  aquifer, 
whereas  many  wells  supplying  household  and  other  small  needs  are 
drilled  only  30  to  40  feet  into  the  formation. 

Most  large-capacity  wells  tapping  the  Saginaw  Formation  are 
from  12  to  16  inches  in  diameter  and  range  from  250  to  500  feet  in 
depth.  Wells  supplying  only  a few  gpm  generally  are  four  inches  or 
less  in  di?imeter  and  less  than  200  feet  in  depth.  Household  wells  over 
200  feet  deep,  however,  are  not  uncommon. 

(a)  Water  Quality.  Water  from  the  Saginaw  Formation  ranges 
from  very  soft  to  very  hard,  and  it  commonly  contains  object- 
ionable concentrations  of  dissolved  iron  (tables  1,  2,  and  4) • 

Locally,  the  formation  yields  water  containing  excessive  concentrations 
of  chloride. 

Most  of  the  water  withdrawn  from  this  formation  is  of  the 
calcium  magnesium  bicarbonate  type.  Locally,  near  Williamston  and 
Fowler  for  example,  the  formation  yields  a sodium  bicarbonate  water. 

The  softer  sodium  bicarbonate  water  probably  results  from  the  migration 
of  hard  calcium-bicarbonate  water  through  shale  beds  containing 
sodium-rich  clays  or  other  sodium  minerals.  The  calcium  is  replaced 
by  sodium  through  ion  exchange.  This  natural  softening  process 
apparently  occurs  at  many  localities  in  the  basin.  At  Fowler,  the 
ratio  of  dissolved  sodium  to  dissolved  calcium  varies  with  depth  of 
the  well.  A well  396  feet  deep  yielded  water  having  7 mg/1  hardness, 
whereas  wells  450  and  500  feet  deep  yielded  water  having  66  and 
305  mg/1  hardness,  respectively. 

Although  the  Saginaw  Formation  generally  yields  water  con- 
taining insignificant  concentrations  of  chlorides,  in  a few 
localities  the  formation  contains  water  of  high  chloride  content. 

The  occurrence  of  high  chloride  water  is  not  fully  understood. 
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In  some  places  brines  from  deeper  formations  may  have  migrated  into 
the  Saginaw  through  old  oil  test  wells.  In  some  localities,  however, 
the  high  choloride  water  may  be  present  as  a result  of  natural 
movement  of  water. 

(4)  Bayport  Limestone.  The  Bayport  Limestone  underlies  much 
of  the  north-central  part  of  the  Grand  River  basin.  The  Bayport  was 
extensively  eroded  prior  to  deposition  of  the  overlying  Saginaw 
Formation,  and  as  a result,  it  occurs  as  large  scattered  masses,  rather 
than  as  a single  continuous  bed.  The  formation  is  primarily  a 
limestone,  but  locally  it  includes  beds  of  sandstone.  The  formation 
has  a maximum  thickness  of  about  40  or  50  feet. 

In  most  areas  where  the  remnants  of  the  Bayport  Limestone 
are  overlain  directly  by  glacial  drift  (fig.  2),  it  is,  or 
potentially,  can  be  a source  of  water  supply  for  household  needs  and 
other  uses  requiring  only  a few  gpm.  In  Kent  County  the  formation 
is  tapped  by  wells  yielding  several  hundred  gpm.  Most  large-capacity 
wells  tapping  the  Bayport  in  Kent  County  are  about  a foot  in  diameter 
and  from  200  to  250  feet  deep.  Yields  of  such  wells  range  from  about 
300  to  1,000  gpm.  Test  drilling  probably  would  reveal  some  additional 
localities  where  the  formation  may  be  a source  of  large  supplies  of 
water. 

(a)  Water  quality.  The  principal  dissolved  minerals  in 
water  from  the  feyport  are  calcium,  magnesium,  bicarbonate,  and 
sulfate.  The  water  generally  is  very  hard  and  commonly  contains 
objectionable  concentrations  of  sulfate  (table  3 and  5) . The  sulfate 
content  probably  is  the  resiilt  of  migration  of  the  water  through  the 
Michigan  Formation  which  immediately  underlies  the  Bayport.  In  the 
interior  part  of  the  basin  the  limestone  yields  little  or  no  water  to 
wells,  and  when  water  is  encountered,  it  is  highly  mineralized. 

The  Bayport  is  the  source  of  good  quality  water  in  only  a 
few  small  areas  and  in  most  of  these  areas  it  yields  only  small  supplies 
of  water.  Thus,  the  Bayport  Limestone  generally  is  not  a potential 
source  of  large  supplies  of  water. 

(5)  Michigan  Formation.  The  Michigan  Formation,  which  under- 
lies a large  part  of  the  basin,  is  not  an  important  source  of  water. 

It  is  important  in  that  the  poor  quality  water  in  the  formation  commonly 
migrates  into  other  aquifers  when  they  are  developed  for  water  supplies. 

(a)  Water  Quality.  The  Michigan  Formation  is  composed 
chiefly  of  shale,  limestone,  and  gypsimi.  The  shale  and  limestone 
beds  tend  to  be  gypsiferous.  The  gypsum  in  the  formation  is  readily 
soluble,  and  the  water  in  the  formation  contains  excessive  amounts  of 
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dissolved  r.ypsum  (cdlcium  sulfate).  The  calcium  makes  the  water  very 
hard  and  the  sulfate  tends  to  have  a purr'ative  effect.  Hence,  the 
water  lias  only  limited  uses.  In  Kent  and  Ottawa  Counties  the  formation 
also  contains  water  with  excessive  concentrations  of  common  salt  (sodium 
chloride).  The  chloride  content  makes  the  water  corrosion  to  pipe 
and  other  plumbinm  fixtures  which  further  limits  the  uses  of  the  water. 

Generally,  the  f-'ichii^an  formation  yields  only  small  amounts  of  water 
to  wells.  In  some  areas  it  does  not  yield  sufficient  quantities  of  water 
for  household  use  or  other  needs  requirinp  only  a few  r,pm.  Locally, 
however,  solution  cavities  have  developed  in  beds  of  gypsum.  Wells 
tapping  these  cavities  could  yield  moderate  to  large  supplies  of  water 
(8/27). 

(6)  Marshall  formation.  The  Marshall  formation  is  one  of  the  most 
productive  aquifers  in  f'lchiman.  It  is  tapped  for  municipal  water  in 
several  cities  in  and  adjacent  to  the  Grand  Fiver  Basin. 

The  Marshall  formation  is  composed  of  sandstone,  siltstone,  and 
shale.  The  formation  is  especially  productive  in  and  adjacent  to  the 
area  where  it  is  overlain  directly  by  rlacial  drift  (fig.  2).  Large 
diameter  wells  tapping  the  f'arshall  in  these  areas  com.monly  yield  more 
than  500  ppm.  The  productivity  of  the  I'arshall  formation  decreases 
markedly  toward  the  center  of  the  Michigan  basin  structure.  Wells 
tapping  the  Marshall  a few  miles  north  and  east  of  the  contact  between  the 
Marshall  a nd  the  overlying  Michigan  formation  generally  yield  only 
small  supplies  of  hip.hly  mineralized  water. 

The  permeability  of  the  Marshall  formation  appears  to  be  largely 
the  result  of  Fracture  openings  in  the  sandstone.  Apparently,  such 
openinp.s  are  more  prevalent  where  the  formation  forms  the  bedrock  sur- 
face. 


(a)  Water  Quality.  In  the  area  where  the  Marshall  is  mantled 
directly  by  glacial  drift  it  generally  yields  water  of  good  chemical 
quality.  The  water  ranges  from  hard  to  very  hard  and  commonly  contains 
objectionable  concentrations  of  iron  (tables  1-5)  but  can  be  made 
satisfactory  for  nearly  all  uses  with  commonly  used  water  treatment 
equipment.  In  the  interior  part  of  the  basin,  however,  the  'Marshall 
yields  water  containing  objectionable  concentrations  of  chloride.  The 
concentration  of  chloride  increases  greatly  toward  the  center  of  the 
Michigan  Basin  structure.  Wells  tapping  the  Marshall  in  the  central 
part  of  the  Lower  Peninsula  yield  brines  containing  several  times  as 
much  dissolved  salt  as  is  contained  in  sea  water. 

In  some  areas  where  the  Marshall  formation  yields  water  of  good 
chemical  quality  the  overlying  Michigan  formation  contains  saline  water. 
The  Michigan  formation  must  be  sealed  off  in  wells  tapping  the  I'arshall 
Formation  in  these  areas.  When  the  Michigan  formation  is  not  sealed  off 
the  water  withdrawn  from  the  wells  is  of  objectionable  quality  as  it  is 
a mixture  of  the  water  from  the  two  formations. 
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SECTION  V 

SUB-AREAS  OF  THE  GRAI'JD  RIVER  BASIN 

For  convenience  the  Grand  River  basin  has  been  divided  into 
6 separate  subareas  in  this  report  (fig.  8) . The  divisions  are 
based  principally  on  geologic  and  hydrologic  factors. 

1.  UPPER  GRAND  AND  PORTAGE  RIVER  BASINS 

a.  General  Features.  This  area  is  one  of  generally  moderate 
relief  with  rolling  glacial  topography.  Much  of  the  area  is  above 
1,000  feet  in  altitude.  The  soils  generally  are  light  and  sandy.  The 
area  includes  several  dozen  lakes;  about  10  percent  of  the  area  is 
swamp  or  marsh.  Glacial  drift  deposits  are  less  than  100  feet  thick 
over  most  of  this  area  and  the  bedrock  formations  crop  out  or  are 
near  the  surface  at  several  dozen  localities  (fig.  7) . 

b.  Occurrence  of  Ground  Water.  The  chief  source  of  ground 
water  in  this  area  is  the  Marshall  Formation,  which  commonly  yields 
more  than  600  gpm  to  individual  wells  (table  1) . The  Marshall  is  most 
productive  in  the  southern  two-thirds  of  the  area  (fig.  9).  In  the 
northern  third,  where  the  Marshall  Formation  generally  yields  only 
small  supplies  of  water  or  commonly  yields  water  of  poor  chemical 
quality  the  Saginaw  Formation  generally  is  a source  of  moderate 

(100  to  200  gpm)  to  large  (200  to  300  gpm)  supplies  of  water.  Locally, 
the  glacial  deposits  include  deposits  of  permeable  sand  and  gravel  that 
are  also  potential  sources  of  moderate  to  large  supplies  of  water 
(fig.  5) • The  drift  aquifers  as  a whole  have  not  been  extensively 
developed  in  this  area  because  the  underlying  Marshall  Formation  is 
known  to  be  a more  productive  source  of  water. 

The  Bayport  Limestone,  which  is  at  or  near  the  siarface  in 
some  localities  in  the  northern  part  of  this  area  is  not  known  to  be 
tapped  by  any  large-capacity  wells.  Locally,  it  is  utilized  as  a 
source  of  water  supply  for  household  and  other  uses  requiring  only  a 
few  gpm. 

c.  Water  Quality.  The  aquifers  in  this  area  generally  yield 
water  that  is  hard  or  very  hard  (fig.  10,  table  1) . Much  of  the 

ground  water  also  contains  objectionable  concentrations  of  dissolved  iron. 
This  water  can  be  made  satisfactory  for  most  uses  through  common, 
inexpensive  water  treatment  processes.  Many  people  consider  the  water 
satisfactory  for  most  uses  without  treatment. 
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The  Mjirshall  t'orniation  yields  water  of  relatively  good 
chemical  quality  i!i  the  southern  and  central  parts  of  this  area.  In 
the  northern  part,  however,  the  Marshall  commonly  yields  saline  water. 
Water  from  the  Bayport  and  Michigan  Formations  tends  to  be  very  hard 
anci  commonly  contains  objectionable  concentrations  of  sulfate. 

The  Saginaw  Formation  in  this  area  also  yields  hard  to 
very  hard  water.  In  the  Eaton  Rapids  area  it  yields  water  contain- 
ing objectionable  concentrations  of  chloride.  The  area  of  high 
clilorides  apparently  is  small . 

d.  Present  Development.  The  largest  withdrawls  of  ground 
water  are  in  the  Jackson  Metropolitan  area.  The  City  of  Jackson,  Summit 
Tow'nship,  the  Village  of  Grass  Lake,  and  Leoni  Township  utilize  the 
Marshall  Formation  as  a source  of  water  supply  as  do  most  private 
homes,  small  industries  and  commercial  firms  in  rural  areas.  The 
State  Prison  of  southern  Michigan,  just  north  of  Jackson,  obtains  most 
of  its  supply  from  wells  in  the  Marshall  Formation  and  the  remainder 
from  glacial  aquifers. 

Eaton  Rapids  obtains  part  of  its  water  supply  from  wells 
tapping  the  Saginaw  Formation  and  part  from  wells  in  the  glacial  drift. 
The  village  of  Leslie  utilizes  the  Saginaw  Formation  as  its  source 
of  supply. 


e.  Future  Potential  and  Problems.  Although  the  Marshall 
Formation  is  extensively  utilized  as  a source  of  water  supply  in  this 
area,  it  has  considerable  potential  for  future  development  as  do 
some  of  the  glacial  aquifers.  Additional  development  of  the  ground-water 
resources  by  the  City  of  Jackson  may  be  impeded  by  legal  or  political 
obstacles  which  could  delay  development  of  well  fields  beyond  its 
corporate  limits.  The  city  may  have  to  establish  well  fields  beyond 
its  present  boundaries  in  order  to  obtain  the  30  mgd  needed  to  satisfy 
projected  demands  to  the  year  2020.  Another  potential  problem  involved 
in  additional  ground-water  withdrawal  is  the  consequent  depletion  of 
streamflow.  Although  streamflow  depletion  is  not  large  at  the  present 
(1967)  rate  of  withdrawal,  as  additional  ground  water  is  withdravni  the 
amount  of  depletion  will  increase.  Coincident  with  the  increase  in 
the  amount  of  streamflow  depletion  will  be  a greater  need  for  stre.amflow 
for  sewage  dilution.  Estimates  of  depletion  of  streamflow  in  the 
Jackson  area  indicate  an  average  decrease  of  10  mgd  as  a result  of 
withdrawing  30  mgd  of  water  from  wells. 

All  the  smaller  communities  in  the  southern  half  of  this 
area  should  have  little  problem  in  developing  additional  water  supplies 
from  the  Marshall  Formation.  In  the  Leslie  area  the  Saginaw  Formation 
probably  will  yield  supplies  adequate  for  anticipated  municipal  and 
industrial  needs.  Eaton  Rapids,  however,  may  experience  difficulty  in 
locating  wells  capable  of  yielding  adequate  supplies  of  water  of  good 
chemical  quality  within  its  present  corporate  limits. 
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2.  CEDA...  LOOKINGGLASS  AND  MAFLE  FilVER  BASI'iS  EXCLUDIliG  UPPER  FISH 
CREEK  AiiD  THE  LATJSING  MSTROPOLITAC  AREA 


a.  General  Featui'os.  This  area  is  f^enerally  of  low  relief, 
gently  rollinr,  low  hills,  and  shallow  tiollows  and  valleys.  The 
northeastern  part  includes  bioad-flat  lands  whicli  have  developed  on  the 
bottoms  of  ancient  glacial  lakes.  The  area  generally  was  poorly 
drained  before  it  was  developed  for  agricultural  purposes.  It 
presently  includes  laany  large  swamp  and  marsh  areas.  It  has  only  a 
few  lakes  a:id  most  of  these  are  small  and  shallow. 

b.  Occxirrence  of  Ground  Water.  The  principal  aquifer  in 
this  area  is  the  Saginaw  Formation.  The  Saginaw  is  composed  chiefly 
of  sandstone  and  shale.  In  some  places  the  formation  is  almost  all 
sandstone,  in  other  places  it  is  composed  largely  of  teds  of  shale. 

'v^ere  the  formation  is  composed  predominately  of  sandstone  it  yields 
large  (200  to  750  gpm)  supplies  of  water.  Where  the  formation  includes 
only  a few  thin  beds  of  sandstone  or  sandy  shale,  it  yields  only 
small  supplies  of  water  (fig.  11,  table  2) . 

Glacial  aquifers  are  also  utilized  as  a source  of  raiderate 
to  large  supplies  'f  'ater  in  this  area.  The  more  productive  glacial 
aquifers  generally  are  located  along  streams.  Most  glacial  aquifers 
bounded  by  a stream  are  recharged  from  streamflow.  The  yield  of 
sucn  aquifers  generally  is  ILmited  only  by  the  amount  of  water  that 

c.an  be  induced  into  the  aquifer  from  the  stream. 

Mariy  of  the  potentially  productive  glacial  aquifers  in  this 
area  are  not  co-incident  with  areas  of  major  water  need.  Locally, 
productive  glacial  aquifers  are  underlain  by  productive  bedrock  aquifers 
that  yield  water  of  superior  chemical  quality.  Thus,  productive  drift 
aquifers  commonly  are  not  fully  utilized  for  water  supply. 

The  western  part  of  this  area  extends  over  the  flanks  of 
the  Howell  anticline.  The  Marshall  Formation  in  this  area  may  yield 
moderate  or  large  supplies  of  water. 

c.  Water  '.quality.  Over  most  of  tnis  area  the  Gaginaw  Formation 
yields  hard  or  very  hard  water.  In  many  places  the  water  also  contains 
objectionable  amounts  of  iron  (fig.  12,  table  . This  water  can 

be  made  usable,  however,  by  conventional  methods  for  reducing  the  hard- 
ness. The  city  of  St.  Johns  and  many  of  the  private  homes  in  tnis  area 
have  water  softening  and  iron  removal  facilities.  In  some  areas  the  wate 
from  the  Saginaw  Formation  is  soft  and  is  low  in  iron  content.  Although 
the  water  yielded  by  these  wells  is  soft,  the  total  dissolved  solids 
content  is  of  the  same  ■ ^neral  magnitude  as  that  of  the  hard  water 
yielded  by  the  formation  Apparently,  the  water  in  these  areas  is 
naturally  softened  through  ion  exchange.  The  mechanism  of  softening 
is  similar  to  that  of  the  household  water  softeners.  Areas  where 
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wells  yield  naturally  softened  water  generally  are  coincident  with 
areas  where  the  Saginaw  Formation  is  not  highly  permeable.  The 
natural  softening  process  probably  is  due  to  the  presence  of  ion 
exchange  minerals  in  the  beds  of  sandy  shale  and  shaley  sandstone. 

Locally,  wells  tapping  the  Saginaw  Formation  yield  water 
cont;iining  excessive  concentrations  of  clilorides.  A deep  well  at 
Elsie,  for  example,  reportedly  was  abandoned  due  to  excessive  chloride 
content  (4/27) . Wells  at  several  farms  about  6 miles  southwest  of 
St.  Johns  also  yielded  water  containing  excessive  amovints  of  chloride. 
Generally,  the  chloride  content  of  the  water  increases  with  depth  of 
the  well.  However,  wells  about  300  feet  deep  at  the  farms  described 
above  yield  water  containing  more  than  2,500  mg/l  of  chloride,  whereas 
wells  over  500  feet  deep  at  St.  Johns,  a few  miles  to  the  north  and 
east,  and  at  Fowler,  a few  miles  to  the  north  and  west,  yield  water 
containing  less  than  60  mg/l  of  chloride.  Apparently  the  depth  to 
"high"  chloride  water  is  not  consistent  throughout  the  region.  The 
inconcistency  in  depth  may  result  from  contamination  of  fresh  water 
sones  with  brine  leaking  from  abandoned  oil  test  wells.  Continued 
development  of  the  Saginaw  may  reveal  other  areas  of  water  of  high 
chloride  content. 

Intensive  development  of  the  Saginaw  Formation  will  result 
in  decline  in  water  levels.  Where  significant  lowering  of  water 
levels  occurs,  water  containing  large  concentrations  of  sulfate  and 
chlorides  may  migrate  into  the  formation  from  the  underlying  Michigan 
and  Bayport  Formations. 

Water  from  the  glacial  drift  aquifers  is  hard  and  in  most 
places  contains  objectionable  concentrations  of  iron.  The  water 
may  be  softened  and  the  iron  concentration  reduced  by  standard 
treatment. 

A few  wells  tapping  the  Marshall  Formation  along  the 
eastern  edge  of  this  area  are  reported  to  yield  salty  water.  Most 
wells  tapping  the  Marshall,  however,  yield  good  water. 

d.  Present  Development.  The  ground-water  resources  of  this 
area  have  not  been  extensively  developed.  All  of  the  municipal,  industrial, 
household,  and  most  agricultural  supplies,  however,  are  obtained  from 
ground-water  sources.  Although  large  supplies  of  ground  water  are 
not  available  throughout  this  area,  all  of  the  communities  within  the 
area  have  been  able  to  obtain  adequate  water  supplies  from  wells 
within  their  corporate  limits.  Ground-water  reservoirs  of  this  area 
are  not  as  productive  as  those  in  other  subareas  of  the  basin,  however, 
they  have  considerable  potential  for  additional  development. 
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e.  Future  hToPlems  and  Potential.  Most  communities  in  this 
area  will  tie  able  to  develop  adequate  supplies  of  water  from  wells 
within  ttieir  present  corporate  limits,  or  perhaps  witnin  a mile  of 
tnese  limits  to  meet  future  demands.  A few  of  the  communities  may 
nave  to  develop  well  fields  several  miles  beyond  their  corporate 
limits.  Tne  location  of  sites  where  wells  yield  adequate  quantities 
of  water  may  involve  intensive  geological,  geophysical  and  test 
drilling  programs.  Tne  chief  problem  associated  with  development 
of  additional  supplies  usually  is  economic.  Development  of 
adequate  supplies  to  meet  demands  may  call  for  several  wells, 
each  yielding  a moderate  supply  rather  than  a single  well  yielding 
a large  supply.  Areas  of  low  yield  from  the  Saginaw  Formation  commonly 
are  areas  of  soft  water.  Williamston  and  Fowler,  for  example,  utilize 
wells  yielding  less  than  100  gpm.  Tne  water  from  these  wells  is 
soft  and  of  low  iron  content  (5) . The  additional  expense  of  develop- 
ing several  low  yield  wells,  in  this  case,  may  oe  offset  by  the 
savings  realized  by  not  having  to  treat  the  water.  Thus,  water 
quality  may  be  as  significant  as  yield  in  the  development  of  a 
water  supply.  A bed  of  sandstone  yielding  only  moderate  supplies 
of  good  quality  water  may  be  a more  economical  source,  despite  the 
need  for  additional  wells,  than  a sandstone  or  glacial  aquifer  yielding 
large  supplies  that  require  water  treatment. 

j.  LANSING  METROFOLITATJ  AREA 


The  Lansing  Metropolitan  area  is  similar,  geologically  and 
hydrologically,  to  much  of  tne  Cedar,  Lookingglass , and  Maple  River 
basins.  Tne  extensive  development  of  tne  ground-water  resources  in 
this  area,  however,  warrants  a separate  discussion. 

a.  General  Featiires.  The  Lansing  Metropolitan  area  is  flat 

to  gently  rolling.  The  area  is  drained  by  the  Grand  and  Cedar  Rivers 
and  Sycamore  Creek.  The  glacial  deposits  are  less  than  lUU  feet 
thick  over  most  of  the  area.  The  soils  and  glacial  materials  generally 
are  very  clayey.  Locally,  along  the  valleys  of  tne  Grand  and  Cedar 
Rivers  and  Sycamore  CreeK,  the  bedrock  crops  out  or  is  mantled  by 
only  a few  feet  of  glacial  materials. 

b.  Occurrence  of  Ground  Water.  The  chief  aquifer  in  this  area 
is  the  Saginaw  Formation,  which,  throughout  most  of  the  area,  is 

a fairly  productive  source  of  water.  Most  of  the  large  capacity  wells 
are  from  300  to  400  feet  deep.  Wells  supplying  individual  households 
generally  are  less  than  .^:00  feet  deep.  The  Saginaw  yields  as  much 
as  luOO  gpm  to  wells  in  areas  where  water  levels  have  not  been  lowered 
as  a result  of  large  ground  water  withdrawals.  Ln  the  central  part 
of  the  city  of  Lansing  where  water  levels  have  declined  as  much  as 
150  feet  below  predevelopment  levels,  average  yields  are  less  than 
3u0  gpm. 
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In  most  of  tnls  area  the  glacial  aquifers  are  sources  of 
only  small  to  moderate  supplies  of  water.  At  a few  localities,  however, 
glacial  aquifers  are  capaole  of  yielding  large  supplies  of  water. 

These  aquifers  are  principally  along  the  Grand  and  Cedar  Rivers  and 
Sycamore  Creek  where  the  streams  act  as  sources  of  recharge  to  the 
aquifer. 

Glacial  aquifers  in  tne  area  have  not  been  extensively 
developed  as  sources  of  large  water  supplies.  Water  managers 
generally  have  found  the  Saginaw  Formation  to  be  a more  accessible 
and  easily  developed  source.  Recognition  of  the  possiolilty  that  the 
Saginaw  Formation  will  be  overdeveloped  in  future  years  has  stimulated 
more  interest  in  the  exploration  of  the  glacial  aquifers  as  a source 
of  additional  supply. 

Beds  of  sandstone  of  the  Grand  River  Formation  are  also  sources 
of  water  in  this  area.  These  sandstone  beds  are,  however,  hydraulically 
connected  with  the  sandstones  of  the  Saginaw  Formation.  The  two  units 
for  all  practical  purposes  form  a single  aquifer. 

The  Bayport  Limestone  and  the  Michigan  Formation  which  underlie 
the  Saginaw  Formation  are  not  sources  of  fresh  water  in  this  area. 

0.  Water  Qiiallty.  The  Saginaw  Formation  generally  yields 
hard  to  very  hard  water  in  this  area.  Most  large-capacity  wells  tapping 
this  formation  also  produce  water  containing  objectionable  concen- 
trations of  iron.  Some  wells  drilled  in  the  basal  sandstone  beds  of 
this  formation  yield  water  containing  objectionable  amounts  of  calcium 
sulfate.  The  cities  of  Lansing  and  East  Lansing  soften  and  reduce  the 
iron  content  to  produce  a water  of  excellent  quality  (5) . 

Several  wells  in  the  central  part  of  Lansing  yield  water 
containing  objectionable  concentrations  of  chlorides.  These  wells 
are  near  the  site  of  an  old  abandoned  mineral  water  well  that  was 
completed  in  the  underlying  Marshall  Formation.  Apparently,  saline 
water  moves  from  the  Marshall  Formation  through  the  well  bore  into 
the  Saginaw  Formation  and  is  finally  withdrawn,  much  diluted,  from 
two  or  three  of  the  city  wells.  The  Lansing  Board  of  Water  and 
Light  located  what  appeared  to  be  the  old  mineral  well  and  attempted 
to  seal  ib  below  the  base  of  the  Saginaw  Formation.  Saline  water 
apparently  is  still  escaping  from  the  Marshall  Formation  at  this 
location,  however,  as  the  nearby  production  wells  continue  to  yield 
water  containing  abnormal  concentrations  of  chloride. 

d.  Present  Development.  The  ground  water  resources  of  this 
area  are  extensively  developed  for  water  supply.  The  cities  of 
Lansing,  East  Lansing,  Grand  Ledge;  Delta,  Lansing  and  Meridian 
Townships;  and  Michigan  State  University  utilize  wells  for  their 
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water  supply  as  do  several  large  industrial  concerns.  Many  of 
the  suburban  residences  are  also  supplied  from  wells.  Most 
wells  tap  the  Saginaw  Formation.  Average  daily  withdrawals  from 
this  formation  for  municipal  supply  and  Michigan  State  University 
in  1965  totaled  above  31  mgd,  (6) . Of  this,  about  28  ragd  was 
withdrawn  by  the  cities  of  Lansing,  East  Lansing,  Lansing  Township 
and  Michigan  State  University  (fig.  13) • 

Extensive  development  of  the  ground-water  resources  in  the 
Lansing  area  has  resulted  in  a large  composite  cone  of  depression 
of  the  piezometric  surface  (water  level)  of  the  Saginaw.  As  new 
wells  are  installed  and  additional  withdrawals  are  made,  the  cone 
of  depression  will  become  deeper  and  will  grow  larger.  With  con- 
tinued decline  in  water  levels,  the  rates  of  pumpage  from  older 
wells  will  decline. 

The  Lansing  Board  of  Water  and  Light  has  recently  completed 
a well  field  in  a sand  and  gravel  aquifer  in  the  glacial  drift 
in  the  southwestern  part  of  the  city  (7) . The  board  anticipates 
an  eventual  withdrawal  rate  of  from  10  to  15  mgd  from  this  well 
field.  The  Board  also  has  two  other  wells  tapping  sand  and  gravel 
aquifers  in  the  northwestern  part  of  the  city.  These  wells,  however, 
yield  only  small  supplies  of  water. 

e.  FutTore  Potential  and  Problems.  The  Lansing  Metropolitan 
area  is  experiencing  rapid  population,  industrial  and  economic 
growth.  The  demands  for  water  in  the  area  will  also  increase 
very  rapidly.  To  meet  anticipated  demands,  many  municipalities, 
industries,  institutions  and  others  in  the  area  will  be  forced 
to  expand  their  water  systems.  Other  communities,  as  they  become 
more  populated  and  industrialized,  will  have  to  develop  water 
systems  in  order  to  meet  anticipated  water  demands. 

Although  the  various  communities  and  industrial  water  users 
are  separate  entities  in  the  legal  and  political  sense,  they 
obtain  their  water  supplies  from  a common  water  resource.  No 
one  entity  can  develop  a water-supply  system,  utilizing  the  local 
water  resources  without  affecting,  to  some  extent,  other  water 
users  in  the  area. 

The  chief  effects  of  additional  ground-water  development  will 
be  lowered  water  levels  and  reduced  stre.omflow.  Reduction  in 
streamflow  will,  for  example,  decrease  the  amo\int  of  water  available 
for  sewage  dilution  and  recreational  needs.  Thus,  plans  for  water 
development  should  provide  for  supplementing  streamflow  to  compensate 
for  ground-water  development.  Although  it  is  obvious  that  the 
various  entities  can  develop  water  supplies  without  considering 
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Ground-water  withdrawals 
In  the  Lansing  area. 
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the  over-all  effects  of  their  systems  on  other  water  needs  or  users, 
the  most  economical  and  efficient  use  of  the  resource  will  probably 
result  from  cooperation  between  all  water  users. 

The  local  ground-water  resources  are  believed  to  be  capable 
of  meeting  projected  demands  for  water  supplies  for  the  next  three 
decades.  Depletion  in  strearaflow  resulting  from  development  of 
the  ground-water  resources  may,  however,  necessitate  supplementing 
strearaflow  to  dilute  wastes.  An  alternative  solution  would  be 
the  use  of  more  effective  methods  for  treating  sewage  and  industrial 
wastes  so  that  the  effluents  returned  to  the  streams  need  not  be 
diluted. 

The  problem  of  providing  adequate  water  supplies  for  the 
area  can  also  he  met  by  importing  water  from  the  Great  Lakes  or 
other  sources.  The  decision  whether  to  import  water  or  to  utilize 
the  local  resources  will  have  to  be  made  principally  on  the  basis 
of  economic  and  legal-political  factors.  The  technical  problems 
of  either  developing  local  water  supplies  or  importing  water  are 
not  critical . Joint  effort  between  two  or  more  large  water  users 
probably  will  be  needed,  however,  to  implement  a water  importation 
system. 

The  author  estimates  that  within  this  area  the  Saginaw 
Formation  will  yield  a maximum  of  about  60  to  70  mgd,  and  that  the 
glacial  aquifers  will  yield  an  additional  30  to  35  mgd,  for  a maximum 
yield  of  about  100  mgd.  It  is  estimated  that  development  of  100 
mgd  from  these  aquifers  could  result  in  an  average  depletion  of  at 
least  35  mgd  from  the  Grand  and  Cedar  Rivers.  The  flow  of  the  streams 
will  not  be  reduced  by  35  mgd  in  any  reach,  as  the  streams  will  be 
replenished  by  the  discharge  of  sewage  effluent  within  areas  where 
the  streams  will  be  depleted  by  ground-water  withdrawals.  The 
amount  of  water  suitable  in  quality  for  sewage  effluent  dilution  will, 
however,  be  reduced  by  an  estimated  35  mgd. 

Utilization  of  the  local  resources  to  meet  projected  demands 
for  water  will  involve  the  following: 

1 . Continued  development  of  the  Saginaw  Formation 
(well  fields  tapping  the  Saginaw  should  be  located 
to  minimize  interference  between  well  fields) . 

2.  Development  of  glacial  aquifers,  especially  in 
areas  where  recharge  from  adjacent  streams  res'olts 
in  large  well  yields . 
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3.  Development  of  artificial  recJiarge  facilities  to 
provide  additional  recharge  to  both  glacial  and 
sandstone  aquifers. 

4.  Obtaining  water  from  the  streams  during  periods 
of  excess  flow.  Reduction  of  ground-water  with- 
drawls  during  these  periods  would  permit  larger 
ground-water  withdrawals  during  periods  of  insuffic- 
ient streamflow. 

5.  Augmenting  streamflow  during  low- flow  periods. 

THE  FLAT  RIVER.  ROGUE  RIVER  AND  PRAIRIE  CRilEK  BASINS  INCLUDING 

THE  UPPER  FISH  CREEK  BASIN 


a.  General  Features.  Most  of  this  area  is  one  of  rolling 
hills  and  highlands  standing  above  deep  hollows  and  valleys.  It 
includes  some  areas  of  relatively  rugged  relief,  and  some  flat  outwash 
plains. 

The  southern  part  of  the  area  is  one  of  dissected  highlands  and 
deeply  entrenched  valleys.  Tiie  slopes  are  steeft  and  the  land 
is  well  drained.  The  northern  two- thirds  of  the  area  is  dotted 
with  lakes,  swamps  and  marshes.  The  streams  of  the  area  are  relatively 
fast  flowing  with  high  base  (dry  weather)  flow.  Most  of  the  trout 
streams  in  the  Grand  River  basin  are  in  this  area. 

The  highest  hills  in  the  southern  part  of  the  area  are 
about  275  feet  above  the  Grand  River,  The  highest  hills  in  the 
northern  part  of  the  area  rise  about  200  feet  above  the  adjacent 
lowlands. 


b.  Occurrence  of  Ground  Water.  The  chief  sources  of  ground 
water  in  this  area  are  aquifers  in  the  glacial  drift.  Throughout 
most  of  the  area  the  glacial  deposits  are  more  than  300  feet  thick. 
Along  the  preglacial  valleys  (fig.  4)  these  deposits  are  more  than 
500  feet  thick.  Bedrock  formations  are,  however,  at  relatively  shallow 
depth  along  the  southern  edge  of  the  area. 

The  drift  deposits  include  thick  and  extensive  beds  of  water 
bearing  sand  and  gravel.  These  beds  are  among  the  most  productive 
aquifers  in  the  Grand  River  basin.  Wells  yielding  750  gpra  or  more 
are  common  throughout  the  north  central  part  of  this  area  (fig.  14, 
table  3). 

The  productivity  of  the  glacial  aquifers  in  this  area  is 
partly  related  to  drift  thickness.  Most  of  the  large  capacity  wells 
are  in  the  areas  of  thickest  drift.  Along  the  edges  of  the  area 
where  the  glacial  deposits  are  not  as  thick,  wells  commonly  yield 
only  moderate  or  small  supplies  of  water.  Large-capacity  wells 


tapping  the  drift  range  from  about  100  to  more  than  ^0  feet 
in  depth.  Most  large  capacity  wells,  however,  are  less  tton  200 
feet  deep.  Wells  supplying  household  and  other  facilities  requiring 
only  a few  gpm,  generally  ai'e  less  tlian  100  feet  deep. 

I 

i Bedrock  aquifers  generally  are  not  tapped  for  water  supply 

in  this  area,  as  the  glacial  aquifers  commonly  are  a more  productive 
and  accessible  source  of  water  supply.  Locally,  in  the  extreme 
southern  and  western  parts  of  the  area,  where  drift  is  not  as  thick 
or  permeable,  the  bedrock  aquifers  are  utilized. 

c.  Water  Quality.  The  glacial  aquifers  in  this  area  yield 
hard  to  very  hard  water  (fig.  It,  table  3).  Commonly,  the  water  con- 
tains objectionable  quantities  of  iron.  Although  water  treatment 

for  softening  and  iron  removal  is  not  necessary,  the  water  generally  is 
more  satisfactory  for  household  use  after  iron  and  hardness  concentra- 
tions are  reduced. 

Tne  bedrock  aquifers  in  this  area  generally  yield  water 
similar  to  that  of  the  glacial  deposits.  Some  of  the  bedrock  wells, 
however,  yield  water  containing  excessive  amounts  of  calcium  and 
s'olfate,  which  makes  the  water  unsatisfactory  for  most  uses. 

Little  data  is  available  concerning  the  quality  of  the  water 
contained  in  the  bedrock  aquifers  in  the  northern  part  of  this 
area  where  the  drift  deposits  are  several  hundred  feet  thick. 

The  author  believes,  however,  that  the  water  in  the  bedrock  contains 
more  than  1,000  mg/1  of  dissolved  mineral  matter  and  thus  is  un- 
s'oi table  for  most  uses. 

d.  Present  Develoranent.  Nearly  all  of  the  water  supplies  in 
this  area  are  obtained  from  wells  tapping  beds  of  sand  and  gravel. 

Tne  city  of  Rockford,  which  obtains  its  supply  from  the  Rogue  River, 
is  the  only  municiiality  that  does  not  use  wells. 

H.e  chief  use  of  water  is  for  irrigation  of  farm  crops. 

About  1-ialf  of  the  water  for  irrigation  is  taken  from  wells,  the 
remainder  from  streams,  ponds  and  lakes. 

e.  Future  Development  and  Problems.  As  there  are  no  large 
cities  or  large  industrial  centers  in  this  area,  the  need  for  water 
for  municipal  and  industrial  expansion  will  not  be  large  in  relation 
to  the  potential  supply.  Nearly  all  of  tiie  communities  should  be 
able  to  develop  adequate  supplies  of  water  from  wells  tapping  glacial 
aquifers.  Most  communities  should  be  able  to  develop  adequate  supplies 
from  wells  within,  or  a short  distance  outside,  their  corporate  limits. 
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The  use  of  watei'  foi'  irrigatioii  of  farm  crops  presently  is 
large,  and  demands  for  water  for  irrigation  are  steadily  increasing. 
As  the  ground-watei'  resources  of  the  area  are  capable  of  meeting 
large  additional  demands,  a considei'able  increase  in  the  use  of 
water  for  irrigation  is  anticipated. 

Nearly  all  tlie  water  withdrawn  for  irrigation  is  lost  by 
evapoti’anspiration  or  is  utilized  by  the  plant  and  hence  does  not 
return  to  the  ground- water  reservoir  or  to  streams.  Hence,  large 
scale  development  of  water  for  irrigation  can  seriously  deplete 
streamflow,  especially  if  water  is  taken  directly  from  the  streams 
or  from  some  wells  or  ponds  adjacent  to  a stream.  The  chief  water 
problem  in  this  area  probably  will  be  local  depletion  of  strearrt- 
flow  resulting  from  irrigation.  In  general,  ground  water  supplies 
are  adequate  for  anticipated  future  needs. 

THORNAPPLE  RIVER  BASIN  INCLUDING  PART  OF  THE  DRAINAGE  AREA  f"? 

THE  MAIN  STEM  OF  THE  GRAND  RIVER 


a.  General  Features.  Tiie  Thornapple  basin  is  topographically 
and  physiographically  divided  into  two  parts.  The  upper  part  has 
less  relief,  more  areas  of  flat  and  gently  rolling  topography, 
includes  only  a few  lakes,  and  except  for  the  extreme  eastern  part, 
is  well  drained.  The  soils  and  underlying  glacial  sediments  tend 
to  be  more  clayey  than  those  in  the  lower  part. 

The  lower  part  of  the  basin  is  more  rugged,  includes  several 
dozen  lakes  and  large,  closed  depressions.  The  glacial  sediments 
tend  to  be  sandy,  and  some  extensive  areas  of  sand  and  gravel  out- 
•wash  are  present. 

The  areas  of  greatest  local  relief  are  along  the  Thornapple 
River  and  its  tributaries.  Apparently  the  area  was  fairly  level 
before  the  streams  cut  their  valleys.  The  maximum  relief  between 
the  flat  "bottom"  lands  along  the  streams  and  the  tops  of  the 
adjacent  hills  increases  in  the  downstream  direction.  In  the 
upper  reaches,  the  local  average  relief  is  about  50  feet;  at  Vermont- 
ville  it  is  about  140  feet,  and  in  the  Hastings  area  it  is  over 
200  ft.  Do'wnstream  from  Hastings  the  local  relief  continues  to  be 
about  200  to  225  feet.  The  total  relief  between  the  bottom  lands 
along  the  Grand  River  and  the  top  of  the  adjacent  hills  and  flat 
higiiland  is  about  250  feet. 

b.  Occ'urrence  of  Ground  Water.  The  Thornapple  basin  can  also 
be  sej^rated  into  two  -units  on  the  basis  of  water  occurrence.  The 
'Ufper  fart  of  the  basin  is  underla’n  largely  by  aquifers  that 
generally  yield  mly  small  to  moderate  supplies  of  water  to  wells. 
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Tiie  lower  part,  on  the  other  hand,  is  underlain  to  a large  extent 
by  aquiiers  which  will  yield  moderate  to  large  supplies  of  water. 

The  basin  is  underlain  by  five  aquifers.  The  most  extensive 
of  these  is  the  glacial  aquifer  which  is  the  source  of  water  to 
most  public  water  systems.  Throughout  most  of  the  upper  part  of 
this  basin  the  glacial  aquifers  generally  yield  only  small  supplies 
of  water,  however,  deposits  of  sand  and  gravel  along  the  Thorriapple 
River  and  some  of  its  tributaries  will  yield  moderate  to  large 
supplies  of  water.  Productive  glacial  aquifers  probably  are  fairly 
abundant  in  the  lower  part  of  the  basin.  Test  drilling  in  this 
area  undoubtedly  would  define  several  extensive  bodies  of  sand  and 
gravel  that  would  be  potential  sources  of  large  supplies  of  water. 

The  Marshall  Formation  is  believed  to  be  an  excellent  source 
of  water  to  wells  throughout  the  southwestern  part  ol  this  area. 
Although  only  a few  large-capacity  wells  are  present  (fig.  16, 
table  4)  the  Marshall  is  known  to  be  a productive  aquifer  in  adja- 
cent areas  to  the  east  and  west,  and  no  data  indicate  that  the  pro- 
ductivity decreases  in  this  area.  Hence,  it  is  assumed  that  the 
Marshall  Formation  in  the  southestern  part  of  this  area  will  yield 
large  supplies  of  water  to  properly  constructed  wells . In  the 
northern  and  western  part  of  the  basin,  where  it  is  overlaLn  by 
other  bedrock,  the  Marshall  generally  yields  only  small  supplies  of 
water  of  poor ' chemJ. cal  quality. 

The  Saginaw  Formation  -underlies  much  of  the  northern  and 
eastern  part  of  the  Thornapple  basin.  Throughout  much  of  the  area 
the  Saginaw  yields  only  small  supplies  of  water.  Although  the 
formation  is  not  highly  productive,  it  is  an  important  source  of 
water  to  farms  and  homes.  Locally,  it  will  yield  moderate  amounts 
of  water  to  wells . 

The  Bayport  Limestone  and  the  Micnig'in  Formation  are  also 
tapped  by  wells  in  this  area.  These  formations,  however,  generally 
yield  water  containing  objectionable  quantities  of  calci'um  and  sul- 
fate -which  makes  the  water  very  hard  and  unsatisfactorj'  for  house- 
hold use.  In  some  localities,  where  the  glacial  deposits  do  not 
yield  water  and  the  underlying  Marshall  Formation  yields  water  of 
unsuitable  quality,  the  Bayport  and  Michigan  .-crmations  may  be  the 
only  source  of  usable  water. 

c.  Water  Quality.  The  chemical  quality  of  the  ground-waters 
in  this  area  varies  considerably  both  with  the  aquifer  tapped  and  with 
the  locality  of  the  well. 

The  glacial  aquifers  generally  yield  hard  or  very  hard  water 
that  contains  objectionable  concentrations  of  iron  (fig.  17,  table  4) . 
Water  from  the  drift  aquifers  generally  can  be  made  suitable  for 
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most  uses  with  eommor.  wJitei’  treatment  equi;ment.  Many  individuals 
consider  the  water  t be  ■ 'f  satisia'-tcry  ijuality  ioi'  household  use 
without  treatment.  Locally,  the  irit't  aquifers  contain  excessive 
quantities  of  calciiom  and  sulfate  wnich  causes  the  water  to  be 
excessively  riard  and  jnsatisfacti-iy  for  household  use.  Areas 
where  the  drift  aquit'ers  yield  'water  of  objectionable  calcium  and 
sulfate  conoentrativ.;.s  ar-  in  ^r  near  the  area  where  glacial  deposits 
directly  overlay  the  Ml  Kordiatior. . Die  calcium  sulfate  water 

either  originates  in  trc  Mictiit'an  K Tmuition  or  from  gypsum  in  the 
glacial  deposits. 

In  the  southeastern  [art  -f  the  Hiorna[.ple  basin,  the  Marshall 
Fonaation  yields  soft  to  iard  water,  dome  wells  yield  'water  con'tain- 
ing  sufficient  conconti’ations  of  iron  to  cause  staining  of  plumbing 
fixtures.  However,  most  of  the  vater  ob'tained  from  the  Marshall 
Formation  is  satisfactory  for  household  use  without  treatment. 

In  the  northern  and  eastern  part  of  the  area  the  Marshall  For- 
mation yields  very  hard  water  containing  objectionable  concentra- 
tions of  chlorides  and  sulfates.  Tiie  chloride  content  cannot  be 
satisfactorily  reduced  by  commonly  used  water  treatment  equipment. 

The  water  in  the  Saginaw  Formation  is  hard  to  very  hard  and 
objectionable  concentrations  of  iron  are  common.  Many  wells,  how- 
ever, yield  water  that  is  considered  to  be  satisfactory  for  household 
■use  without  treatment.  In  some  localities,  the  Saginaw  also  yields 
water  containing  objectionable  quantities  of  calcium  and  sulfate. 

Wells  yielding  water  high  in  calcium  and  sulfate  generally  tap  beds 
of  sandstone  at  the  base  of  the  formation.  Most  wells  yielding 
calci’um-sulfate  rich  water  are  in  areas  where  most  of  the  Saginaw 
has  been  removed  by  erosion. 

The  Bayport  Limestone  and  Michigan  Formation  generally  yield 
water  containing  excessive  quantities  of  oalci'um  and  salfate.  It 
is  'used  in  some  areas,  however,  because  better  water  is  not  a'vailable. 
Locally,  the  Bayport  Limestone  contains  water  of  fairly  good  chemical 
■quality. 


d.  Present  Development.  Nearly  all  municipal,  industrial 
household  and  agricultural  water  supplies  in  this  area  are  obtained 
from  wells.  Most  municipalities  have  public  water  supply  systems 
and  nearly  all  industrial  and  commercial  supplies  are  obtained  from 
these  systems.  A few  industries  have  their  own  wells.  Rural  residents 
and  farm  operators  are  supplied  from  indi'vidual  wells,  as  are  resi- 
dents of  some  of  the  small  comm'unities  in  the  area. 

Only  a few  of  the  farms  in  this  basin  are  irrigated.  Less  tiian 
half  of  the  water  used  for  irrigation  is  ob'tained  from  wells. 
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e,  l'\iture  Problems  and  Potential . The  Thornfipple  basin  as 
a whole  has  abundant  undeveloped  water  resources.  The  chief  water 
supply  problem  probably  relates  to  the  distribution  of  the  ground- 
water  resource.  Areas  where  moderate  or  large  supplies  of  water 
may  be  needed  do  not  always  coincide  with  areas  where  water  is 
abundant.  Most  communities,  however,  will  be  able  to  obtain 
adequate  supplies  of  water  from  wells  drilled  within  their  corporate 
limits.  A few  may  have  to  import  water  from  wells  a mile  or  two 
beyond  the  corporate  limits.  Most  of  the  local  areas  where  groiuid- 
water  supplies  may  not  be  adequate  for  future  needs  are  in  the 
northern  and  eastern  parts  of  the  basin. 

The  water  supply  potential  of  this  basin  could  be  more 
accurately  defined  on  the  basis  of  adequate  geologic,  geophysical 
and  test-drilling  investigations.  Such  investigations  would  delin- 
eate several  large  areas  where  the  ground-water  reservoirs  would 
yield  large  supplies  of  water  to  wells . 

6.  LOWER  GRAND  RTJER  AICD  CROCKERY  CREEK  BASINS 


a.  General  Features.  The  lower  part  of  the  Grand  River  basin 
ranges  from  fairly  rugged  topography  along  the  entrenched  Grand 
River  in  the  Grand  Rapids  Metropolitan  area,  to  a low  flat  plains 
area  along  the  lower  reaches  of  the  stream.  Many  of  the  tributaries 
of  the  Grand  are  entrenched  twenty  or  more  feet  into  the  flat  plains 
along  the  lower  reaches  of  the  Grand  River.  Although  areas  along 
the  Grand  have  considerable  local  relief,  a large  part  of  this  basin 
is  flat  to  gently  rolling. 

The  soils  and  subsoils  are  sandy  and  permeable  over  much  of 
this  area,  although  large  areas  of  clay  soil  and  subsoils  are  also 
present.  The  lower  part  of  the  basin  is  a sandy  lake  plain  formed 
of  bottom  sediments  of  a glacial  lake  that  preceded  Lake  Michigan. 

b.  Occurrence  of  Ground  VJater.  The  most  productive  aquifers 
in  this  area  are  the  Marshall  Formation  and  the  glacial  drift.  The 
Marshall  is  an  exceptionally  prolific  source  of  water  in  the  southern 
part  of  this  area  where  wells  yielding  500  or  more  gpm  are  fairly 
common  (fig.  18,  table  5) . The  Marshall  is  the  source  of  many 
municipal,  industrial,  and  irrigation  supplies  in  this  southern  area. 
In  the  western  part  of  the  area  the  Marshall  generally  yields  only 
small  supplies  although  locally,  it  yields  moderate  supplies  (75-200 
gpm)  of  good  water.  Within  the  city  of  Grand  Rapids  the  Marshall 
yields  large  supplies  of  water,  but  the  water  is  highly  mineralized. 
In  the  northern  and  eastern  parts  of  the  area  the  Marshall  yields 
only  small  supplies  of  highly  mineralized  water. 

The  glacial  deposits  over  much  of  the  area  are  sources  of 
small  to  moderate  supplies  of  water.  In  some  localities  the 
drift  aquifers  yield  or  potentiaxly  will  yield  large  supplies  of 


water.  The  most  productive  {^^lacial  aquifers  generally  are  along 
streams.  Adequate  test  drilling,  and  geological  and  geophysical 
S’  rveys  would  increase  the  size  and  number  of  areas  ’where  large 
supplies  of  water  are  known  to  be  available  from  the  glacial 
aquifers. 

Throughout  most  of  tiie  Grand  River  basin  the  Bayport  Lime- 
stone yields  only  small  supplies  of  water.  The  Bayport  is,  however 
a source  of  large  supplies  of  water  in  Plainfield  Township  of  Kent 
County.  Additional  areas  where  the  Bayport  is  known  to  be  a source 
of  moderate  or  large  supplies  of  water  undoubtedly  would  be  deline- 
ated by  an  adequate  test  drilling,  geological  and  geophysical  ex- 
ploration program. 

The  Michigan  Formation  also  is  a source  of  water  in  this  area. 
Wells  ’tapping  this  formation  commonly  yield  only  small  or  moderate 
supplies  of  highly  mineralized  water.  Locally,  solution  channels 
have  formed  in  the  gypsum  beds  of  the  formation.  Wells  tapping 
these  solution  cavities  may  yield  large  quantities  of  water  (3/27). 

c.  Water  Waality.  The  Marshall  Formation  yields  water  of 
good  quality  in  the  southern  part  of  this  area,  but  it  yields  saline 
water  in  the  northern  and  eastern  parts  (fig.  19,  table  5) • The 
location  of  the  fresh-water,  saline-water  interface  is  infl’uenced 
by  the  depth  of  the  formation,  direction  and  amount  of  movement  of 
water,  and  by  the  rate  of  withdrawal  of  water. 

Saline  water  in  the  formation  will  move  toward  areas  where 
fresh  water  is  withdrawn  from  wells.  The  rate  of  movement  is  a 
function  of  the  rate  of  withdrawal  and  distance  to  the  area  of 
salt  water.  Large  withdrawals  of  fresh  water  at  sites  adjacent  to 
the  saline  water  area  will  result  in  migration  of  salLne  water  to 
the  discharging  wells  within  a few  years. 

In  some  localities  the  Michigan  Formation  contains  saline 
water  whereas  the  underlying  Marshall  Formation  contains  fresh 
water.  Wells  drilled  into  the  Marshall  in  these  areas  will  yield 
fresh  water  if  the  saline  water  zones  in  the  overlying  Michigan 
Formation  are  sealed  off  through  proper  well  construction.  At 
some  localities,  permeable  zones  in  the  Michigan  Formation  have 
not  been  sealed  off  in  wells  and  saline  waters  have  moved  into  the 
Marshall  Formation  via  these  wells. 

The  glacial  aquifers  generally  yield  hard  to  very  hard 
water  throughout  most  of  this  area.  The  water  also  commonly 
contains  objectionable  concentrations  of  iron.  In  some  local- 
ities, wells  tapping  the  glacial  drift  yield  water  containing 
excessive  concentrations  of  sulfate.  The  high  sulfate  content 
results,  in  part,  from  gypsum  being  dissolved  from  the  glacial 
deposits.  The  localities  of  sulfate  "rich"  water  are  associated 
with  the  area  where  the  Michigan  Formation  directly  underlies  the 
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glacial  drift.  Water  from  wells  in  glacial  aquifers  overlying  the 
Michigan  Formation  generally  increases  in  hardness  with  time  and 
with  the  rate  of  withdrawal.  This  deterioration  in  quality  may 
reduce  considerably  the  value  of  these  wells  as  sources  of  usable 
water  {^/ }0) , 

Water  from  the  Bayport  Limestone  generally  contains  excessive 
concentrations  of  calcium  and  sulfate  and  thus  is  excessively  hard. 
Locally,  the  Bayport  yields  water  which  can  be  softened  with 
common  water  treatment  equipment,  or  is  usable,  although  it  is 
very  hard,  as  it  comes  from  the  well.  The  Michigan  Formation  also 
yields  objectionably  hard  water. 

d.  Present  Development.  Most  of  the  water  supplied  to  the 
municipalities  and  industries  in  this  area  is  withdrawn  from  Lake 
Michigan.  The  lake  is  an  almost  inexhaustable  source  of  water  of 
good  quality.  The  costs  of  developing  a water  supply  system  using 
Lake  Michigan  water,  however,  are  very  large,  and  such  a system  is 
economically  feasible  only  for  large  municipal  systems.  Small 
communities,  farmers,  industries,  and  residents  outside  of  the 
service  area  of  ramicipal  systems  are  dependant  upon  local  water 
resources. 

Grand  Flapids  has  obtained  its  water  supply  from  Lake  Michigan 
for  many  years.  In  1966  the  city  of  Wyoming  abandoned  its  well 
system  and  began  to  use  the  lake  as  its  source  of  supply.  Wyoming's 
decision  to  utilize  Lake  Michigan  as  its  source  of  supply  apparently 
was  based  on  legal  and  economic  factors  rather  than  on  the  inadequacy 
of  ground-water  resources.  Aquifers  formerly  tapped  by  the  city  wells 
are  still  potential  sources  of  water  to  industry  and  other  large 
water  users  or  for  temporary  emergency  use. 

The  Wyoming  pipeline  system  to  Lake  Michigan  may  also  be  utili- 
zed by  Paris  and  Georgetown  Townships,  and  the  cities  of  Grand- 
ville  and  Hudsonville  for  water  supply.  These  communities  have  also 
utilized  wells  as  their  source  of  water  supply. 

Plainfield  Township  uses  wells  as  a source  of  supply  for  its 
water  system.  The  township  also  supplies  water  to  parts  of  Alpine 
and  Grand  Rapids  Townships.  The  city  of  Walker  is  supplied  almost 
entirely  from  privately  owned  individual  wells. 

The  city  of  Grand  Haven  obtaines  its  water  supply  from  wells  and 
collection  galleries  tapping  beach  deposits  along  the  shores  of 
Lake  Michigan.  The  aquifer  is  recharged  with  water  from  the  lake. 

The  system  in  effect  utilizes  the  lake  rather  than  the  ground-water 
reservoir  as  its  source  of  water.  The  system,  however,  uses  the 
sediments  along  the  shore  for  a natural  water  filter. 
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other  siiiall  communities  in  this  part  of  the  basin  are 
supplied  either  by  individual  wells  or  by  small  public  systems  that 
utilise  wells.  The  projected  demands  for  municipal  water  for  these 
small  communities  probably  can  be  adequately  supplied  from  the 
local  ground-water  reservoirs. 

Several  industrial  concerns  in  this  area  use  large  quantities 
of  ground  water  for  cooling  and  other  industrial  purposes.  Some 
of  the  water  used  for  cooling  is  of  poor  chemical  quality. 

e.  Futixre  Problems  and  Potential.  As  most  of  the  water  used 
for  municipal  and  industrial  supply  in  this  area  is,  and  will  be, 
obtained  from  Lake  Michigan,  the  ground-water  resources  are  not  as 
important  to  future  economic  development  as  in  other  areas  of  the 
basLn.  However,  the  use  of  ground  water  for  irrigation,  probably 
will  increase  considerably  in  the  future.  A few  small  municipalities 
and  industrial  concerns  in  rural  areas  and  most  rural  residents  will 
continue  to  obtain  their  water  supplies  from  wells.  The  chief 
problem  associated  with  the  development  of  the  ground-water  reservoirs 
will  be  the  chemical  quality  of  the  water. 

Som.e  small  communities  in  this  area  at  the  present  time  (1967) 
do  not  have  water-supply  facilities  capable  of  meeting  moderate  or 
large  increases  in  water  demands.  The  ground-water  reservoirs  will 
be  tapped  by  some  of  these  communities  to  meet  new  demands.  As 
demands  for  water  continue  to  increase,  however,  many  communities 
probably  will  connect  to  one  of  the  Lake  Michigan  pipeline  systems. 

Small  supplies  of  water  adequate  and  suitable  for  household  and 
other  needs  requiring  a few  gallons  per  minute  are  available  from 
wells  throughout  the  area,  except  for  a few  localities  where  the 
gro\ind-water  reservoirs  are  non-productive  or  produce  water  of  poor 
chemical  quality.  Although  moderate  to  large  supplies  of  ground  water 
are  not  everywhere  available,  wells  yielding  300  or  more  gpm  are 
fairly  common.  Most  large-capacity  wells  are  in  the  southern  part 
of  this  area  where  the  Marshall  Formation  and  the  glacial  drift  are 
highly  productive  aquifers.  Although  large-capacity  wells  yielding 
good  quality  water  are  more  rare  in  the  northern  and  eastern  parts 
of  the  area,  intensive  geophysical,  geological,  and  test  drilling 
programs  would  reveal  additional  localities  where  large-capacity 
wells  could  be  completed. 

Several  aquifers  in  the  Grand  Rapids  area  apparently  are 
discharging  naturally  highly  mineralized  waters  to  the  Grand  River. 

The  amount  of  mineralized  water  bei.ng  discharged  probably  is  small 
in  relation  to  the  total  flow  of  the  river.  Studies  should  be  made, 
however,  to  determine  whether  discharge  of  mineralized  water  contri- 
butes significantly  to  the  total  dissolved  minerals  in  the  water  of 
the  river. 


SECTION’  VI 


THE  ROLE  OF  GROUND  WATER 


IN 

WATER  MANAGEMENT  PROGRAMS 


The  principal  teclinique  used  in  surface-water  management  is 
storing  water  in  reservoirs  during  periods  of  surplus  flow  and 
releasing  it  during  periods  of  low-flow.  Ground-water  reservoirs 
can  be  managed  in  a similar  manner.  Ideally,  ground-water  can  be 
managed  in  concert  with  surface  water  to  achieve  maximum  use  of 
the  water  resources  in  the  basin. 

1.  GROUND  WATER-SURFACE  WATER  RELATIONSHIP  CONSIDERATIONS 


Precipitation  is  the  initial  source  of  water  in  streams,  lakes, 
and  ground-water  reservoirs  of  the  basin.  Infiltration  of  precipi- 
tation into  ground-water  reservoirs  is  balanced  over  the  long  term 
period  by  discharge  of  ground  water  to  streams  and  loss  of  water  from 
the  grovind-water  reservoirs  through  evaporation  and  transpiration  by 
plants . 

Where  ground-water  levels  are  higher  than  adjacent  stream 
levels,  water  moves  from  the  ground-water  reservoirs  to  the  stream. 
Conversely,  water  moves  from  the  stream  to  the  ground  when  stream 
levels  are  higher  than  adjacent  ground-water  levels.  During  periods 
of  high  runoff  and  flood  flows,  water  moves  into  and  is  stored  in  the 
sediments  along  the  banks  of  the  streams.  As  the  flood  waters  recede 
this  "bank"  storage  returns  to  the  streams  and  helps  to  maintain  the 
flow  of  the  stream.  During  dry-weather  periods  streamflow  is  composed 
almost  entirely  of  discharged  ground  water.  Streams  with  high  base 
flows  generally  drain  areas  underlain  by  moderately  or  highly  permea- 
ble sediments . Streams  with  little  or  no  flow  during  dry  periods 
generally  drain  areas  of  low  permeability. 

The  continuing  withdrawal  of  water  from  streams  and  wells  and 
the  draining  of  lands  for  agriculutral  and  other  purposes  results 
in  changes  in  the  local  hydrologic  environment  and  to  some  extent 
in  the  total  hydrologic  regimen  of  the  basin.  Hence,  such  changes 
or  effects  must  be  considered  in  planning  of  water  resources 
development. 

a.  Streamflow  as  an  Index  of  Ground  Water  Availability. 

Low-flow  characteristics  of  streams,  expressed  in  terms  of  flow 
rate  per  square  mile  of  drainage  area,  can  be  used  as  a guide  or 
index  to  the  perveability  of  the  shallow  ground-water  systems  under- 
lying the  various  sub-drainage  areas  in  the  Grand  River  basin. 
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PVictora  other  tton  permeability  ttot  conceivably  might  affect 
low-flow  characteristics  apjiarently  liave  much  less  significance. 
Climate  probably  tias  little  affect  because  it  does  not  vary 
significantly  throu^'hout  the  basin.  Losses  to  evapo transpira- 
tion apparently  are  not  a significant  factor  as  some  drainage  areas 
where  the  potential  for  evapotranspiration  is  large  have  a 
high  low-flow  index  whereas  similar  areas  have  a low  low-flow  index. 
Topography  could  also  affect  the  low-flow  index.  However,  drainage 
areas  with  similar  topograpliy  show  a great  range  in  low- flow  indices. 

The  flow  wliich  is  exceeded  90  percent  of  the  time  is  used 
here  in  as  the  index  of  low  flow.  Most  areas  having  a low  index 
(fig.  20)  are  believed  to  be  underlain  largely  by  shallow  aquifers 
capable  of  yielding  only  small  supplies  of  water.  Conversely,  most 
areas  having  a high  low-flow  index  are  underlain  by  higtily-productive 
shallow  aqviifers.  Several  areas  having  moderate  to  high  low- flow 
indices,  however,  include  only  a few  or  no  large  capacity  wells. 
Additional  study  and  test  drilling  is  needed  to  confirm  the  presence 
of  productive  aquifers  in  these  areas. 

Use  of  the  90  percent  flow  index  is  somewhat  conservative  in 
that  some  areas  with  a low  index  may  be  underlain  by  moderately 
permeable  deposits,  and  not  all  of  these  areas  are  identified 
by  the  90  percent  index.  Areas  with  high  indices,  however,  are  in 
nearly  all  instances  underlain  by  productive  glacial  aquifers  and 
(or)  productive  bedrock  aquifers. 

b . Effect  of  Ground-Water  Withdrawals  on  Streamflow.  Withdrawal 
of  water  from  wells  generally  results  in  some  depletion  of  stream- 
flow.  In  many  places  a significant  portion  of  the  water  discharged  by 
a well  is  depleted  from  the  flow  of  a nearby  stream  or  streams.  The 
amount  of  depletion  of  streamflow  resulting  from  withdrawal  of 
ground  water,  assuming  that  none  of  the  water  is  returned  to  the 
stream  or  to  the  ground-water  reservoir,  is  a function  of  the  rate 
of  pumping,  length  of  the  pumping  period,  distance  from  the  well  to 
the  stream,  hydraulic  characteristics  of  the  aquifer,  nature  of  the 
hydraulic  connection  between  the  stream  and  aquifer,  and  distance 
from  the  well  to  areas  of  evapotranspiration  discharge  from  the 
aquifer. 

(1)  Withdrawals  for  Irrigation.  Much  of  the  water  used  for 
irrigation  of  agricultural  crops,  parks,  golf  courses,  and 
cemeteries  is  withdrawn  from  wells.  Although  irrigation  is  a 
seasonal  use,  the  time  of  use  coincides  with  the  principal  period 
of  low  streamflow.  Additional  depletion  of  streamflow  resulting  from 
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ground-water  witiidrawals  for  irrigation  will  be  an  important  consider^i- 
tion  in  water  resource  planning  in  the  basin, 

(a)  Attenuation  of  Streamflow  Depletion  Effects.  The  streari- 

,«  flow  depletion  effects  of  ground-water  withdrawals  for  irrigation 

do  not  coincide  directly  with  the  period  or  rate-  of  pumping  of 
an  irrigation  well.  They  are  attenuated  by  several  factors,  the 
most  important  of  which  is  the  distance  between  the  well  and  the 
stream.  Figure  21  illustrates  the  effect  of  distance  upon  the  rate 
of  depletion  from  streamflow  of  a hypothetical  irrigation  well 
tapping  an  idealized  aquifer.  The  figure  shows  that  withdrawal  from 
a well  near  the  stream  will  cause  an  almost  immediate  depletion  of 
streamflow.  The  rate  of  depletion  is  less  than  the  total  disc'narge 
of  the  well.  However,  depletion  continues  after  groiind  water  with- 
drawal has  ceased.  The  maximum  rate  of  depletion  decreases  with 
an  increase  in  the  distance  between  the  well  and  the  stream.  Con- 
versely, the  lag  in  time  between  the  start  of  pumping  and  the 
beginning  of  depletion  increases  with  distance.  The  depletion  effect 
of  the  hypothetical  well  2 miles  from  a stream,  for  example,  wo\ild 
begin  after  the  end  of  the  irrigation  season  and  could  continue 
for  several  years.  The  maximum  rate  of  depletion  caused  by 
pumping  this  well  is  less  than  10  percent  of  the  withdrawal  rate. 

The  rate  of  streamflow  depletion  for  a real  well  generally  would  be 
less  than  that  shown,  however,  as  the  hydraulic  connection  between 
the  stream  and  the  aq'oifer  conmonly  is  not  as  good  as  that  of  the 
idealized  mathematical  model  used  in  calculating  the  depletion 
curves  of  figure  21. 

The  carry-over  effect  through  subsequent  years  would  also 
be  less  than  that  shown  as  more  of  the  runoff  in  the  spring  and 
fall  would  infiltrate  to  the  ground-water  reservoirs  if  ground- 
water  levels  were  lowered  through  pumpage.  Stream  channels  which 
carry  water  only  during  periods  of  excessive  runoff  also  become 
sources  of  induced  recharge  in  the  areas  where  ground-water  levels 
are  lowered  by  pumping.  The  effects  of  increased  infiltration  and 
recharge  would  result  in  a larger  depletion  of  streamflow  during 
spring  runoff  and  less  depletion  during  low- flow  periods. 

(b)  Reduction  in  Fvapotranspiration  Losses.  In  addition 

to  the  increased  recharge,  lowered  ground-water  levels  could  cause 
a decrease  in  the  natural  discharge  from  the  ground-w'ater  reservoir 
by  evaporation  and  transpiration  from  wetland  areas.  A reduction  in 
the  amount  of  water  lost  from  the  ground-water  reservoirs  through 
evaporation  and  transpiration  would  make  some  water  available  for 
irrigation  without  a consequent  depletion  in  streamflow. 
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Depletion  from  streamflow,  in  gallons  per  minute 


Days  from  start  of  pumping 


Graph  is  for  a well  tapping  an  aquifer  having  a transm i ss i b i 1 i ty  of  100,000  gp 
storage  coefficient  of  0.20  ( water  table  conditions  ).  Aquifer  has  perfect  connec 
stream.  Well  pumps  1000  gpm  continuously  for  75  days. 
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(o)  Water  from  Grouiid-Wator  Storaro.  When  a well  is  pumped 
and  water  levels  are  lowered,  some  ground  water  is  taken  from  storage. 

In  time,  the  withdrawal  of  ground  water  may  Le  balanced  by  a decrease 
in  ti'.e  natural  discharge  to  streams,  a reduction  in  evapo transpiration 
losses  from  the  aquifer,  and  induced  recharge  from  streams.  When 
tliis  balance  is  achieved,  water  is  no  longer  taken  from  ground-water 
storage.  The  time  necessary  for  such  a balance  to  occur  depends  on 
several  factors  including  distance  from  the  well  to  the  stream  or  to 
areas  of  evaporaticnal  and  transpirational  discharge.  In  many  areas 
a period  of  many  years  may  elapse  before  such  a balance  is  achieved. 

In  tlie  meantime,  a considerable  volume  of  ground  water  can  be  taken 
from  storage. 

The  amount  of  water  used  for  irrigation  is  expected  to  double 
during  the  next  50  years.  A significant  part  of  the  water  used  for 
irrigation  during  the  next  50  years  will  be  derived  from  ground-water 
storage.  Water  taken  from  ground-water  storage  will  not  result  in  depletion 
cf  streamflow. 

(d)  Estimates  of  Streamflow  Depletion  Resultinp  from  Ground - 
Water  Withdrawals  for  Irrigation.  As  many  of  the  irrigation  wells  in 
the  basin  are  located  a considerable  distance  from  streams,  and  the 
streams  in  many  places  are  separated  from  the  aquifer  by  sediments  of 
low  permeability,  the  author  believes  that  stream  depletion  caused  by 
the  pumping  of  wells  for  irrigation  will  be  squally  distributed 
throughout  the  year.  As  some  water  is  taken  from  ground  storage  and 
some  is  made  available  by  a decrease  in  evapo transpiration,  the 
depletion  in  annual  streamflow  resulting  from  ground-water  withdrawals 
for  irrigation  is  estimated  to  be  about  75  percent  of  the  annual 
withdrawal  of  ground  water  for  irrigation. 

(2)  Withdrawals  for  Municipal  and  Industrial  Use,  About  90 
percent  of  the  water  supplied  to  municipalities,  industries  and  other 
non-irrigation  users  is  eventually  returned  either  to  the  ground-water 
reservoirs  or  to  the  streams.  Thus,  ground  water  withdrawn  for 
municipal  and  Industrial  supplies  generally  does  not  result  in  a 
significant  decrease  in  streamflow  below  the  point  of  outflow  from 
sewage  treatment  plants  or  other  points  of  effluent  discharge. 

Withdrawal  of  ground  water  does,  however,  result  in  depletion  of 
stream- flow  in  the  vicinity  of  municipal  and  industrial  well  fields 
which  generally  are  a mile  or  more  above  the  points  of  effluent 
discharge. 

Depletion  of  streamflow  resulting  from  ground-water  withdrawals 
above  sewage  treatirient  plants  is  an  important  consideration  in  water- 
resource  planning  as  it  reduces  the  amount  of  water  available  for 
dilution  of  effluent  from  the  treatment  plants.  Two  principal  areas 
where  ground-water  withdrawals  for  municipal  and  industrial  supply  will 
cause  significant  decreases  in  streamflow  are  at  Lansing  and  at  Jackson. 
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These  areas  are  already  experiencing  deficiencies  in  water  needed  for 
waste  effluent  dilution  during  some  dry-weather  periods.  Increases  in 
the  amount  of  streamflow  depletion  resulting  from  future  increases 
in  ground-water  withdrawals  will  have  to  be  considered  in  the  design  of 
facilities  for  improving  water  quality.  The  author  estimates  that 
depletion  of  flow  from  the  Grand  and  Cedar  Rivers  in  the  Lansing  area 
in  the  year  2020  will  total  at  least  35  mgd.  Some  of  the  depletion  in 
streamflow  will  be  compensated  for  by  the  discharge  of  waste  effluent. 
Thus,  the  total  flow  of  the  Grand  River  below  Lansing  will  not  be 
decreased  by  35  mgd.  It  is  estimated  that  water  of  quality  suitable 
for  dilution  of  effluent  will,  however,  be  depleted  by  about  35  mgd. 

The  author  estimates  that  by  the  year  2020  ground  water  with- 
drawals on  the  Jackson  area  will  result  in  at  least  10  mgd  depletion 
of  streamflow  in  the  area  ups team  from  the  sewage  treatment  plant. 

Although  municipal,  industrial,  and  other  non-irrigation 
users  will  also  cause  depletion  of  streamflow  at  other  communities  in 
the  basin,  such  depletion  will  be  serious  only  where  the  sewage  plants 
depend  on  streamflow  for  waste  dilution  and  are  discharging  to  streams 
with  small  dry-weather  flows.  Most  small  communities  that  potentially 
have  inadequate  surface-water  resources  for  sewage  dilution  are  in 
the  upper  part  of  the  basin. 

2.  ARTIFICAL  RECHARGING  OF  AQUIFERS 

The  term  "artificial  recharge"  is  used  to  describe  a means  of 
replacing  water  in  an  aquifer  at  a rate  in  excess  of  the  rate  which  the 
aquifers  would  be  recharged  by  natural  processes.  Artificial  recharge 
is  an  important  aspect  of  future  water  management  programs  in  the 
Grand  River  basin,  but  it  is  not  a new  water  management  tool.  Artificial 
recharge  projects  have  been  successful  at  Kalamazoo,  Michigan  (9/5) , 
at  Peoria,  Illinois  (10) , and  at  many  other  places  throughout  the 
world. 

The  most  effective  and  efficient  means  presently  used  to 
recharge  aquifers  is  through  recharge  ponds  or  pits  that  penetrate 
permeable  sediments  of  the  aquifer  being  recharged.  Water  generally 
is  diverted  into  the  pond  from  a nearby  stream.  The  water  level  in 
the  pond  is  maintained  several  feet  higher  than  the  water  level  in 
the  aquifer.  Water  infiltrates  through  the  materials  on  the  sides 
and  bottom  of  the  pit  and  moves  into  the  aquifer.  Suspended  sediments 
in  the  water  are  filtered  out  by  the  aquifer.  Recharge  ponds  are  also 
reported  to  be  effective  in  reducing  bacterial  contamination. 

Artificial  recharge  programs  utilizing  ponds  generally  are 
practical  only  where  wate’"  levels  have  been  or  are  being  lowered  by 
ground-water  withdrawals;  where  excess  surface  waters  are  available; 
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and  where  tiie  aquifer  is  at  atialiow  depth  or  is  directly  overlain  by 
permeable  sediments  at  shallow  depth.  The  chdef  localities  in  the 
Grand  River  basin  where  such  projects  may  be  practical  and  feasible 
at  the  present  time  (1967)  or  in  the  next  decade  are  in  the  Lansing 
and  Jackson  Metropolitan  areas.  In  time,  artificial  recharge  facilities 
could  be  practical  in  some  of  the  smaller  communities  in  the  upper 
part  of  the  basin. 

Part  of  the  water  supplies  for  the  Lansing  area  are  being 
withdrawn  from  wells  tapping  a glacial  aquifer  near  the  Grand  River. 
Geologic  and  liydrologic  data  indicate  that  artificial  recliarge 
facilities  will  significantly  increase  the  yield  from  these  wells. 
Additional  areas  where  glacial  aquifers  can  be  developed  as  sources 
of  water  supply  and  artificially  recharged  are  believed  to  be 
present  in  other  parts  of  the  Lansing  area  and  in  the  Jackson  area. 

Recliarge  ponds  generally  are  not  used  to  increase  recharge 
to  bedrock  aquifers.  Theoretically,  however,  bedrock  aquifers,  such 
as  the  sandstone  beds  in  the  Saginaw  and  Marshall  Formations  can 
be  recharged  artificially  if  geologic  conditions  are  suitable.  One 
suitable  condition  would  be  where  permeable  sandstones  are  overlain 
by  and  hydraulically  connected  to  beds  of  sand  and  gravel  that  could 
be  artificially  recharged  through  ponds. 

Areas  where  geologic  conditions  appear  to  be  suited  to  the 
artificial  recharge  of  beds  of  sandstone  are  known  in  the  Lansing  and 
Jackson  area.  Study  is  needed,  however,  to  determine  if  recl'iarge 
of  these  aquifers  is  feasible  and  practical. 

Artificial  recharge  by  injecting  surface  water  into  wells 
has  been  accomplished  or  attempted  in  many  places.  In  most  instances, 
however,  sediment,  entrained  air  and  bacterial  growth  in  the  well  bore, 
and  other  factors  have  limited  the  practice  to  a few  places  where 
high-water  values  justify  the  high  costs  of  injection  and  well 
maintainance. 

3.  SUPPLEMENTING  STREAMFLOW  WITH  WATER  FROM  GROUND-MATER  RESERVOIRS 

Streams  with  inadequate  dry-weather  flows  could  be  supple- 
mented by  withdrawing  water  from  wells  and  discharging  it  to  streams. 

If  the  hydraulic  characteristics  of  the  aquifer  tapped  by  the  wells 
are  known,  the  wells  could  be  placed  at  sufficient  distance  from 
the  stream  so  that,  at  most,  only  a small  fraction  of  the  water  added 
to  the  stream  would  infiltrate  back  into  the  ground-water  reservoirs 
during  periods  of  low-flow.  Facilities  probably  would  be  needed  to 
artificially  recharge  the  aquifer  during  periods  of  high  flow. 


The  30-Jay  drought  Tlow  having  a recurrence  interval  of 
once  every  ten  years  (27  cfs)  at  Jackson  (11/297)  co;ald,  for 
example,  be  doubled  by  augmenting  the  natural  streamflow  by 
pumping  from  about  10  wells  at  the  rate  of  1,000  gpm.  The 
Marshall  Formation  upstream  from  Jackson  is  believed  to  be 
capable  of  yielding  this  quantity  of  water,  although  additional 
study  is  needed  to  substantiate  this  conclusion. 

Other  types  of  projects  utilizing  ground  water  storage  for 
supplementing  streamfTLow  are  theoretically  feasible.  The  use  of 
ground  water  to  supplement  streamflow  is  not,  however,  widely 
practiced.  Little  information  is  available  on  the  actual  use 
of  wells  to  supplement  streamflow. 

SECTION  VII 

POSSIBILITY  FOR  FUTURE  ADDITIONAL 
GROUi®  WATER  DEVELOPMENT 

The  ground-water  reservoirs  of  the  Grand  River  basin  have 
considerable  potential  as  sources  of  additional  water  supply. 

The  .reas  of  greatest  potential  are  the  northern  part  of  the  basin 
which  is  underlain  by  productive  glacial  aquifers  and  the  southern 
edge  of  the  basin  where  the  Marshall  Formation  is  a productive 
aquifer. 

Other  localities  in  the  basin  are  also  underlain  by  aquifers 
that  will  yield  moderate  to  large  supplies  of  water.  The  development 
of  water  from  wells  in  any  area,  however,  will  eventually  result  in 
some  depletion  in  the  flow  of  nearby  streams.  Thus,  the  development 
of  additional  ground-water  supplies  to  some  extent  will  affect  other 
local  water  use. 

The  ground-water  reservoirs  of  the  basin  will  be  developed 
by  many  water  users  in  preference  to  other  sources  of  water. 

Groimd  water  is  preferred  by  many  as  a source  of  supply  as  it 
generally  is  more  accessible,  of  superior  bacteriological  quality, 
changes  little  in  temperature  and  chemical  quality  from  one  season 
to  another  and  at  the  present  time  it  can  be  developed  with  less 
threat  of  legal  restriction. 

1.  DEVELOPMENT  OF  ADDITIONAL  SUPPLIES  FOR  MUT'JICIPAL,  II;STITUTI0::AL 
AND  irroUSTRIAL  USE. 


Although  the  ground-water  reservoirs  are  not  everywhere 
sources  of  moderate  to  large  supplies  of  water,  small  areas  of 
productive  aquifers  are  not  uncommon  to  any  part  of  the  basin. 
Some  large  areas  of  the  hasLn  are  'underlain  by  prolific  aquifers. 
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The  development  of  adequate  water  supplies  from  wells  will,  in  many 
localities,  call  for  detailed  geological,  geophysical,  and  hyrologic 
studies.  In  nearly  all  localities  such  studies  should  reveal  sources 
of  ground  water  adequate  for  the  projected  demands  of  economic  growth 
to  the  year  1980, 

Programs  for  the  development  of  additional  water  supplies 
generally  are  designed  to  provide  water  to  meet  the  demands  for  a 
given  period  of  growth.  During  this  period  the  financial  resources 
through  which  succeeding  programs  of  water  supply  development  can 
be  supported  will  also  grow.  Thus,  each  successive  program  of  water 
supply  development  will  be  supported  by  larger  financial  resources 
which  will  allow  the  water  developer  to  consider  a larger  area  of  potential 
water  supply.  Water  supplies  in  most  localities  will  be  developed 
through  a succession  of  expanding  programs. 

2.  ADDITIONAL  DEVELOPMENT  FOR  IRRIGATION 


Development  of  ground  water  for  irrigation  of  agricultural 
crops  depends  upon  three  principal  criteria.  First  is  the 
suitability  of  the  land  for  irrigation,  second  is  the  availability 
of  water,  and  third  is  the  competitive  need  for  ground  water  by  other 
users . 

The  principal  area  of  anticipated  large  future  demands  of 
water  for  irrigation  is  in  the  northern  part  of  the  basin.  Much  of 
the  irrigation  in  the  Grand  River  basin  is  presently  concentrated 
in  this  area.  Other  areas  of  present  or  potential  irrigation  in  the 
basin  are  the  flat  muck  lands  used  for  truck  crops  and  sod  farms. 

Muck  lands  used  for  specialty  crops  are  scattered  throughout  the  basin, 
however,  many  of  the  irrigated  muck  farms  are  in  the  lower  part  of 
the  basin,  south  and  east  of  Grand  Rapids. 

The  north-central  area  is  underlain  by  productive  glacial 
aquifers  which  are  sources  of  large  additional  supplies  of  water 
for  irrigation  (fig.  22) . Although  streams  and  ponds  are  also 
used  for  irrigation  in  this  area,  it  is  estimated  that  about 
60  percent  of  the  new  irrigation  systems  will  use  wells  as  their 
source  of  supply. 

In  the  area  south  and  west  of  Grand  Rapids,  the  glacial  drift 
and  Marshall  Formation  are  potential  sources  of  additional  water 
supply  for  irrigation,  although  these  aquifers  are  not  highly 
productive  in  this  area.  Many  of  the  irrigation  systems  in  this 
area  obtain  their  supplies  from  several  shallow  small-yield  wells 
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tapping  glacial  aquifers.  In  the  area  south  of  Grand  Rapids,  many 
irrigation  wells  tap  the  Marshall  Formation.  The  Marshall  is  a 
potential  source  of  large  supplies  of  water  for  irrigation.  Yields 
as  large  as  1,000  gpm  can  be  obtained  from  wells  in  the  Marshall 
in  this  area. 

Other  areas  being  irrigated  or  potentially  suitable  for 
irrigation  throughout  the  basin  may  or  may  not  be  underlairj  by 
productive  aquifers  depending  upon  the  local  geologic  and  hydrologic 
situation.  M/iny  areas  of  low  ground-water  yield  can  be  irrigated 
from  streams,  drains,  and  ponds. 


SECTION  VIII 

DEEP  DISPOSAL  OF  NOXIOUS  WASTES 

Noxious  wastes  that  are  difficult  or  expensive  to  render 
innoxious  through  treatment  can  be  Injected  into  deeply  buried 
rock  formations.  At  present,  deep  disposal  within  the  Grand  River 
basin  involves  only  the  injection  of  oil  field  brines.  However, 
industrial  wastes  are  disposed  of  by  injecting  them  into  deep 
wells  at  several  localities  adjacent  to  the  basin.  Deep  disposal 
wells  are  utilized  at  Kalamazoo,  Holland,  and  in  the  Alma — St.  Louis 
areas . 

Waste  disposal  through  wells  must  be  approved  by  the  Michigan 
Water  Resources  Commission.  Formations  suitable  for  waste  injection 
should  be  overlain  by  a thick  bed  or  beds  of  impermeable  rock. 

Casing  components  of  the  injection  well  must  be  designed  and  in- 
stalled so  that  wastes  will  not  migrate  up  or  escape  from  the  well 
except  in  the  formation  or  formations  selected  as  disposal  reservoirs . 
Competent  well  casings  are  especilly  needed  where  the  fluids  are 
injected  under  high  pressures,  a common  requirement  in  this  t;vpe 
of  disposal.  Other  features  that  could  make  formations  unsuitable 
for  waste  disposal  are  the  proximity  of  the  outcrop  area  of  the 
formation,  and  of  abandoned  or  operating  oil,  gas,  and  brine  wells 
or  old  test  wells  that  may  be  potential  sources  of  leakage  from  the 
formations.  Although  many  of  the  bedrock  formations  in  the  state  are 
permeable  and  porous  and  will  accept  waste  fluids,  onl.y  a few  have 
sufficient  permeability  and  porosity  to  accept  more  than  a few 
thousand  gallons  of  waste  per  day.  Disposal  by  means  of  wells  is, 
in  most  instances,  limited  to  liquid  wastes.  The  wastes  generally 
cannot  contain  suspended  materials.  They  must  be  compatible  with 
the  minerals  and  the  fluid  in  the  formation.  That  is,  the  waste 
fluid  must  not  result  in  precipitation  of  minerals,  or  produce 
a viscous  fluid  or  mud  when  the  waste  comes  in  contact  with  the 
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natural  fluid  or  minerals  in  tne  fojTnati  ai,  A few  porous  and  highly 
permeable  formations  will  permit  large  injection  rates.  Some  of 
these  are  reported  to  accept  soli]  ,'naterials  injected  in  the  form 
of  a sluriy . 

Tlie  s'oitoLility  of  the  \riri  .us  f;..rmvitions  for  waste  disposal  raries 
considerably  from  one  artrfi  t^^  an.  tiier.  A fon:.ation  wliich  is  highly 
penneable  at  one  locality,  -nay  be  . f vei'y  low  permeability  in  an 
adjoining  locality.  Henc.:^,  tr.e  suitability  of  tne  formations  'under- 
lying most  localities  ::.ust  I =_  i'-t=:;-minc  ; or.  ttie  lasis  of  a test  well  nr 
wells.  Certain  f. 'niiation.' , p .wvt  r,  are  kn^'wr.  to  ;jive  considerable 
potential  as  waste  lisi  osal  r .■■rv  irs  italie  b).  Others  are  not 

considered  to  le  s.utaljv  r li^,  , ..al  'wastes. 

Other  metiioUs  f i'  jisp  sing  -raste  iy  ; lacing  them  in 
deeply  buried  strata  have  t r r/-  ; n \ < iractiral.  .::ie  method  is  to 

mix  the  waste  inte  a cement  sl'u-i7  an;  f.rce  it  inta  tne  rock  forma- 

tion under  sufficient  (iy'ura.uli  • ; re.,;;  rre  to  fra ‘t'ure  and  se;arate 
the  rock  strata,  thereby  .u'eating  a ct  rage  .-avity.  Tt.e  sl.urry 
then  hardens  to  form  a lenti.'uiar  te;  jf  '«aste  material  surrc 'on ding 
the  injection  well.  Ar;  ascending  series  f waste  beds  can  tnus  re 
placed  along  the  well. 

Another  possible  means  for  disposing  of  noxio'us  wastes  is 
to  create  a large  cavity  in  one  of  the  track  salt  beds  'ur. Jerlyir.g 
the  'casin.  Such  cavities  can  be  created  by  injecting  fresh  water 
and  dissolving  the  salt.  Noxious  wastes  could  be  then  placed  in 
the  cavity.  If  the  wastes  are  injected  as  slurries  that  wculc 
harden  after  being  injected,  there  would  be  little  danger  f tn>.- 
wastes  escaping  from  the  cavity.  TiiC  process  of  creating  s-ucr.  a 
cavity  is  already  perfected  and  ras  been  used  in  the  basin  for  tr.e 
storage  of  liquifed  petrole;un  gas.  These  last  two  methods  of 
waste  disposal  would,  however,  be  very  costly.  Hence,  tney  would 
not  be  used  except  for  toxic  materials  tmt  are  extremely  expensive 
to  treat  by  other  means. 

The  injection  of  wastes  in  the  deep  formations  can  be 
a relatively  economical  solution  to  the  problem  of  waste  disposal. 

The  possible  consequences  of  injection  should,  however,  be  carefully- 
considered  in  each  injection  program.  Although  the  wastes  may  remain 
in  the  vicinity  of  the  well,  in  most  instances,  they  will  displace 
existing  fluids  in  the  formation.  Thus,  injection  of  wastes  may- 
cause  mineralized  waters  to  migrate  into  adjacent  fresh  water  zones 
and  in  some  instances  may  cause  additional  discharge  of  mineralized 
water  to  streams  or  lakes.  Although  it  may  take  decades,  centuries, 
or  thousands  of  years,  some  wastes  eventually  may  migrate  to  points 
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of  discharge,  either  at  outcrop  areas  or  at  old  unsealed  wells. 

An  injection  program  could  be  carried  on  for  many  years,  abandoned 
and  then,  conceivably,  forgotten.  Later,  test  wells  drilled  for 
mineral  exploration  could  penetrate  the  slug  of  injected  wastes 
allowing  part  of  them  to  escape  and  resulting  in  extensive  damage 
to  fresh-water  resources.  Thus,  waste  injection  programs  should 
be  monitored  to  determine  where  the  wastes  are  going,  whether  the 
displacement  of  mineralized  fluids  in  the  formation  is  resulting 
in  the  Intrusion  of  these  fluids  into  fresh  water  aquifers  or  streams, 
and  whether  the  wastes  or  mineralized  waters  in  the  formation  are 
contaiminating  the  fresh  ground  water  reservoirs  via  abandoned  deep 
wells . 

In  the  case  of  wastes  which  may  become  neutralized,  or  are 
degradable,  and  thus,  are  rendered  inert  or  non-toxic  over  a 
period  of  time,  disposal  into  deep  formations  has  far  less  potential 
I’er  creating  futiire  problems.  An  example  of  an  unforseen  problem 
that  resulted  from  deep  well  injection  is  illustrated  by  a deep 
disposal  well  at  the  Rocky  Mountain  Arsenal  near  Denver. 

Injection  of  wastes  through  this  well  into  a deeply  buried  fault 
zone  apparently  resulted  in  a series  of  local  earthquakes  (12) . 

The  earthquake  problem,  however,  was  unforeseen  when  this  waste 
injection  program  was  initiated. 

SECTION  IX 

DEEP  STORAGE  AND  RECOVERY  OF  LIQUIDS 

Liquid  petroleum  gas  is  presently  being  stored  in  two  man- 
made cavities  in  deeply  buried  salt  beds  of  the  Salina  Formation  in 
eastern  Kent  County.  The  two  cavities  were  created  by  injecting 
fresh  water  to  dissolve  the  salt  and  then  withdrawing  the  water 
and  the  dissolved  salt. 

The  cavities  are  filled  at  all  times  with  the  liquified  gas 
and  (or)  a saturated  brine.  When  the  liquid  gas  is  pumped  into  a 
cavity  an  equal  volume  of  saturated  brine  is  withdrawn  and  injected 
into  a nearby  well  in  the  Marshall  Formation.  When  the  gas  is 
withdrawn,  an  equal  amount  of  saturated  brine  is  withdrawn  from 
this  well  and  pumped  into  the  cavity.  The  saturated  brine  solution 
and  the  liquid  gas  do  not  dissolve  additional  salt.  Hence,  the 
cavities  do  not  grow  larger  with  use.  The  saturated  solution  injected 
into  the  Marshall  Formation  reportedly  remains  in  the  vicinity 
of  the  well  and  is  not  diluted  when  it  is  again  withdrawn  for  injec- 
tion into  the  cavity. 

It  seems  likely  that  additional  cavities  will  be  created 
for  storage  of  liquifed  petroleum  gas  and  other  liquids  in  other 
areas  of  the  basin  in  future  years. 
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SECTION  X 

ilECOMMENDATIONS  FOR  ADDITIONAL  GROUND  WATER  STUDIES 

1.  AilEAL  STUDIES 

The  investigation  on  which  this  report  is  based  was  not 
sufficiently  detailed  to  provide  the  information  needed  in  the 
development  of  local  water-supply  facilities.  Hence,  more  detailed 
studies  are  needed  to  provide  for  the  most  economical  and  efficient 
development  plan  for  the  resources  of  each  local  area.  More  compre- 
hensive studies  by  the  U.  S.  Geological  Survey  are  being  made  for 
Eaton,  Ingham,  and  Clinton  Counties  and  are  being  proposed  for 
Jackson  Coxinty.  Detailed  studies  in  other  areas  of  the  basin  pro- 
bably will  be  initiated  when  the  need  becomes  apparent  to  the  local 
governments . 

Detailed  areal  studies  may  stimulate  water  management 
techniques.  An  irrigator  obtaining  water  from  a stream,  for  example, 
could  reduce  the  withdrawal  load  in  the  stream  by  using  a well  for 
his  source  of  water  supply.  Such  action  could  be  stimulated  by 
studies  which  showed  that  ground  water  was  readily  available  at 
that  locality. 

2.  MONITORING  STUDIES 

Withdrawal  of  water  from  wells  results  in  a decline  in 
water  levels.  The  decline  in  water  levels  in  turn  results  in  a 
decrease  in  the  rate  of  ground-water  discharge  to  streams.  In  areas 
of  large  ground-water  withdrawals,  or  where  large  additional  ground- 
water  withdrawals  are  anticipated,  changes  in  water  levels  through 
time  should  be  determined  through  an  observation  well  monitoring 
program.  Coincident  with  this  program,  streams  should  be  gaged  to 
determine  the  amount  of  streamflow  depletion  resulting  from  the 
withdrawal  of  ground  water.  Although  a few  areas  are  presently 
being  monitored  by  the  U.  S.  Geological  Survey,  additional  monitor- 
ing programs  should  be  initiated.  The  north-central  part  of  the 
basin,  where  large  quantities  of  water  are  being  withdrawn  from 
wells,  streams,  and  ponds  and  where  large  additional  withdrawals 
are  anticipated,  should  be  considered  as  a priority  area  for  an 
additional  monitoring  program. 

3.  RESEARCH  STUDIES 

The  withdrawal  of  water  from  wells  to  supplement  stream- 
flow  during  periods  of  deficient  flow  has  not,  to  the  author's 
knowledge,  been  attempted  on  any  large-scale  basis.  If,  for  one 
reason  or  another,  streamflow  cannot  be  supplemented  by  other 
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means,  an  experimental  study  to  determine  the  feasibility  of  using 
(ground  water  to  increase  dry-weather  flow  seems  appropriate.  If 
the  study  showed  that  the  technique  was  feasible  and  practical,  it 
could  be  used  in  other  basins. 

Methods  of  artificially  recharpinp  the  sandstone  aquifers  in  the 
Lansing  and  Jackson  areas  should  be  investigated  to  determine  whether 
5uch  recharge  facilities  would  be  practical  and  economically  feasible. 
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SECTION  1 
INTRODUCTION 


1.  PURPOSE 

The  purpose  of  tlie  comprehensive  study  of  the  Grand  River  Basin 
is  the  formulation  of  a plan  for  the  development  and  utilization  of 
water  and  related  land  resources.  The  U . S . Bureau  of  Mines  was 
given  the  responsibility  for  evaluating  the  mineral  resource  base; 
projecting  future  mineral  production,  employment,  water  require- 
ments, and  land  use;  and  evaluating  the  benefits  and  costs  of 
specific  water  developments  to  the  mineral  industry  in  the  Basin. 

This  information,  together  with  data  generated  cooperatively  by 
other  Federal  agencies  and  the  State  of  Michigan  will  be  coordinated 
by  the  Corps  of  Engineers  to  develop  a comprehensive  program  of 
water  control  and  management,  with  specific  structures  for  flood 
control,  water  supply,  and  water  quality  control.  The  program  will 
include  planned  benefits  to  recreation,  fish  and  wildlife  conser- 
vation, agriculture,  and  other  water  and  related  land  uses.  Con- 
sideration of  the  projected  water  and  land  requirements  will  pro- 
vide for  orderly,  efficient  development  of  the  natural  resources  of 
the  Grand  River  Basin. 


2.  SCOPE 

All  mineral  commodities  produced  in  the  Basin  were  included  in 
the  study.  Historical  background,  quantity  and  value  production 
data,  and  employment  of  the  mineral  industry  in  the  Basin  were  pre- 
pared from  available  data  in  the  Bureau  of  Mines  files.  Data  for 
petroleum  and  natural  gas  were  based  on  information  originally 
developed  by  the  State  Geological  Survey  of  Michigan. 


F-1 


inlormatioii  concerning  mineral  reserves  in  Llie  iiasin  were  based 
Oil  published  and  unpublished  State  and  Federal  Coveri.inenl.  reports 
and  data  in  the  bureau  ol  Mines  iiles.  No  Field  examinations  were 
made  to  determine  iiuantities  or  quality  of  reserves.  Accuracy  and 
detail  of  the  reserves  vary  according  to  the  information  available. 
In  the  case  of  several  commodities,  principally  the  construction 
materials,  available  data  were  examined  only  to  the  extent  neces- 
sary to  determine  that  reserves  were  sufficient  to  meet  projected 
demands.  Where  available  data  were  not  sufficiently  detailed  to 
assign  quantities  to  small  areas,  allocations  were  made  according 
to  the  best  engineering  judgment  of  the  situation. 

Before  the  comprehensive  plan  is  activated,  detailed  studies 
will  be  required  of  individual  development  projects  as  to  their 
effect  on  the  mineral  industry. 

3.  BASIN  DESCRIPTION  AND  LIMITS 


The  Grand  River  Basin,  located  in  west  central  Michigan,  is 
relatively  level  to  gently  rolling  land  covering  an  area  of  about 
5,570  square  miles.  The  Basin  is  egg-shaped  with  a maximum  length 
in  a general  east-west  direction  of  about  135  miles  and  an  approx- 
imate width  in  a north-south  direction  of  70  miles.  The  main 
drainage  channel,  the  Grand  River,  meanders  first  to  the  north  from 
its  source  in  Hillsdale  County,  then  west  and  empties  into  Lake 
Michigan.  Six  major  tributaries  and  numerous  smaller  streams  flow 
into  the  main  channel.  The  Grand  River  Basin  area  represents  about 
12  percent  of  the  land  that  drains  into  Lake  Michigan. 

The  Basin  lies  wholly  or  partly  in  20  counties.  The  study  area 
was  limited  to  11  of  these  counties  grouped  into  five  subareas 
(see  figure  1).  The  11  counties  have  an  area  of  7,046  square  miles. 
Small  fringe  areas  of  the  drainage  basin  lying  outside  the  perimeter 
of  the  11  counties  and  totaling  an  estimated  500  square  miles  are 
of  relatively  small  importance  from  the  standpoint  of  mineral 
industry  activity.  However,  the  areas  included  in  the  11  counties 
but  outside  the  Grand  River  drainage  have  significant  mineral 
industries.  These  areas,  totaling  approximately  2,000  square  miles, 
are  the  source  of  the  bulk  of  the  oil  and  gas  output  ani  afl  of  the 
brine  for  salt  and  saline  extraction.  Therefore,  if  one  accepts  the 
report  as  a reflection  of  activity  within  the  Grand  River  Basin 
drainage  area,  the  case  of  mineral  resources  is  overstated  particu- 
larly where  oil,  gas,  salts  and  salines  are  discussed.  Defining 
the  study  area  along  county  lines  rather  than  the  Grand  River  Basin 
drainage  limits  yas  made  necessary  by  the  quantitative  data  used  in 
this  report.  The  data  are  available  on  a county  basis  only. 
Throughout  the  remainder  of  this  report  the  terms  "Basin"  or  "Grand 
River  Basin"  are  used  to  refer  to  the  11-county  area. 
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5.  INTRODUCTION 


a.  Principal  Resources.  The  Basin's  principal  natural 
resources  are  iuels  and  nonraetallic  minerals.  Petroleum,  natural 
yas,  and  peat  constitute  the  iuels;  liowever , peat  is  not  used  as  a 
fuel.  The  nonmetallic  minerals  include  sand,  gravel,  clay,  shale, 
sandstone,  gypsim,  limestone,  marl,  and  natural  salines.  All  of  the 
Basin's  commodities,  except  petroleum  and  natural  gas,  are  rela- 
tively abundant  from  the  standpoint  of  local  demand. 

Construction  uses  account  for  the  bulk  of  the  Basin's  nonmetal- 
lic minerals.  ilighway  construction  within  the  Basin  has  utilized 
much  of  tlie  sand  and  gravel  output.  Gypsum,  after  processing  and 
fabrication  into  wallboard  and  plaster,  is  used  primarily  in  resi- 
dential building  construction.  Finished  gypsum  products  are  also 
exported  from  tlie  Basin.  Shale  and  clay  are  used  in  structural  clay 
products,  such  as  draintile  and  other  types  of  clay  pipe.  Sandstone 
is  cut  into  flagstone  for  building  exteriors.  Limestone  is  crushed 
for  constructional  purposes  or  agricultural  uses.  The  primary  use 
of  peat  is  horticultural. 

Oil  refineries  within  the  Basin  have  a crude  oil  capacity 
several  times  greater  than  the  Basin's  daily  output  of  crude. 

Natural  salines  or  brines  are  used  in  the  production  of  magne- 
sia, bromine,  salt  and  calcium  chloride;  all  raw  materials  for 
industry.  Locally,  brines  are  also  used  on  roads  and  highways  for 
dust  and  ice  control. 

b.  General  Geoloi’v.  The  Grand  River  drainage  basin  lies  in 
the  southwestern  quadrant  of  the  Michigan  Geologic  Basin.  The 
Michigan  Basin  is  a bowl-like  synclinal  depression  filled  with  strata 
of  Paleozoic  age  that  attain  a maximum  thicknes.*'  ’f  approximately 
14,000  feet  near  the  depressional  center  in  Sag  . Bay.  The  Pale- 
ozoic strata  range  upward  from  early  Cambrian  to  rate  Pennsylvanian 
(table  1).  These  strata  are  saucer  shaped  witli  one  upon  another  in 
decreasing  lateral  extent,  the  smallest  and  youngest  on  top.  All 
strata  have  been  truncated  on  their  periphery  by  glacial  action, 
thereby  leaving  some  of  tlie  formations  exposed  as  concentric  circu- 
lar outcrops.  The  entire  Michigan  Basin  has  been  subjected  to 
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I’lcistocene  glaciation,  wliicli  dcpositid  drift  that  has  masked  most 
of  the  Paleozoic  rocks.  In  the  Grand  lUver  Basin  the  drift  ranges 
in  thickness  trom  onlv  a few  feet  in  ,si  tuc  areas  of  Jackson,  Eaton, 
Ingham,  Ionia,  and  Kent  Counties  to  a maximum  of  over  500  feet  in 
parts  of  Montcalm  County. 

The  Paleozoic  bedrock  formations  in  the  Grand  River  Basin  dip 
and  thicken  in  a northeasterly  direction  towards  the  center  of  the 
Michigan  Basin.  These  formations  are  the  source  of  the  Basin's  gyp- 
sum, shale,  petroleum,  natural  gas,  limestone,  sandstone,  and  natural 
salines.  Except  for  the  fuels  and  natural  salines,  all  are  obtained 
from  deposits  at  or  near  the  surface.  Sand,  gravel,  marl,  and  peat 
are  surface  deposits  formed  during  tlie  Quaternary  period. 

6.  RESOURCES 


a . Petroleum  and  Natural  Gas. 


(1)  Occurrence  and  Reserves.  Most  of  the  oil  produced  in 
the  Michigan  Geologic  Basin  has  been  from  limestones  and  dolomites 
of  the  Devonian  system.  Ordovician  and  Silurian  limestones  and  dolo- 
mites are  second  in  tlie  amount  of  cumulative  oil  production.  About 
75  percent  of  the  current  Grand  River  Basin  production  is  from  Ordo- 
vician strata.  A minor  amount  of  oil  is  produced  from  Mississippian 
sandstones,  and  some  is  produced  from  sandy  beds  in  Devonian  rocks. 
Nonassociated  gas  production  in  the  Grand  River  Basin  is  obtained 
from  Mississippian  sandstones  and  is  primarily  for  domestic  use. 

Some  gas  has  also  been  produced  from  the  base  of  the  glacial  drift, 
but  the  amount  is  insignificant.  In  recent  years  gas  has  also  been 
produced  in  association  with  oil. 

In  the  Grand  River  Basin,  depth  of  the  oil  producing  zones 
ranges  from  about  1,500  feet  to  about  4,700  feet.  Structurally,  the 
producing  zones  are  found  mainly  in  anticlines,  domes,  reefs,  and 
fault  zones.  Producing  zone  thicknesses  range  from  1 foot  to  more 
than  120  feet,  but  most  are  under  5 feet.  Gravity  of  the  crude 
varies  from  38°  to  almost  42°  A.P.I.  Nonassociated  gas  production 
is  from  zones  ranging  1 to  16  feet  thick  at  depths  of  870  to  1,251 
feet . 

On  December  31,  1966,  proved  crude  oil  reserves  in  Michigan 
were  reported  as  71  million  barrels  (1.) -i/  The  rate  of  crude  oil 
production  has  exceeded  the  rate  of  discovery  since  1960  when 
reserves  were  reported  at  79  million  barrels.  Associated  and  non- 
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assoL' i at  I'li  natural  j;a.s  itsotvcs  j nuroasud  1 funi  d28,Hy4  ad  I 1 1 on  <ulnc 
U'ot  at  till'  bi'^  L nn  i uj.',  ul  libO  to  77J,13i  nirlion  tubii  iiit  at  thc- 
I'lul  ot  L9bb  . This  does  not  include  native  and  net  injected  j>as  in 
undrritround  storage,  ivdiich  rnc  cased  I tom  285,259  to  580,57b  million 
iiibic  leet  during  the  same  period. 

A detailed  breakdown  oi  ri'serves  has  not  been  made  part  of  the 
public  record,  but  for  the  purpose  of  this  study  total  State  reserves 
have  been  pro-rated  on  tlie  basis  of  crude  oil  and  natural  gas  pro- 
iluction.  This  estimate  should  be  used  with  caution.  On  the  basis 
oi  19bb  crude  oil  production  reserves  in  the  Grand  River  Basin  study 
area  tor  the  end  of  146b  are  estimated  at  10.7  million  barrels. 
Similarlv,  associated  and  nonassoc iated  natural  gas  reserves  at  the 
end  of  Idob  are  estimated  at  51,  500  million  culii  c feet. 


(2)  Onerat  ions . In  .Micliigan  the  areas  lavorable  for  dis- 
covery oi  petroleum  and  natural  gas  are  generally  ascertained  by 
study  of  drill  cuttings  and  electric  logs  from  wells  already  drilled. 
Sucii  investigation  yields  data  on  the  structural  and  lateral  extent 
of  formations.  Tlius,  potential  oil  or  pas  traps  are  defined.  Occa- 
sionally, small  diameter  test  wells  are  drilled  specifically  for 
geologic  information.  Surface  geologic  methods  are  hampered  by  the 
thick  blanket  of  glacial  drift,  but  geophysical  methods  such  as 
gravity  surveying  have  been  employed. 

Land  use  requirements  of  the  petroleum  industry  are  small,  but 
water  is  widely  used.  Oilfield  operations  require  water  in  well 
drillings  and  in  secondary  oil  production  that  is  effected  primarily 
by  pressure  maintenance. 

Water  is  required  in  drilling  oil  wells  by  either  rotary  or  per- 
cussion methods.  In  the  Basin,  the  principal  mode  of  drilling  is 
rotary  because  of  its  speed.  Water  in  drilling  mud  is  required  to 
form  a circulating  fluid  to  remove  the  rock  debris  (cuttings)  from 
tlie  hole,  to  keep  the  bit  cool,  to  help  support  the  walls  of  the 
hole,  and  to  control  fluid  pressures  in  the  geological  formations 
penetrated  by  the  bit.  The  drilling  water  is  circulated  down  the 
hole  through  the  drill  pipe,  emerges  through  the  bit  at  the  bottom 
of  the  hole,  and  returns  laden  with  cuttings  from  the  bit  to  the 
surface  through  the  annular  space  between  the  drill  pipe  and  the  walls 
01  the  hole.  At  the  surface  the  drilling  mud  is  treated  to  restore 
its  original  tluid  properties  and  then  reused.  Losses  in  the  drill- 
ing water  take  place  in  seepage  into  the  walls  of  the  hole  and  evap- 
oration at  the  surface;  thus  makeup  water  is  needed. 

Estimates  of  the  water  required  in  oil  well  drilling  for  this 
report  were  made  from  publislied  data  on  tlie  number  of  wells  and 
footage  drilled  annually.  Volumes  of  water  required  were  calculated 
using  a conversion  factor  for  gallons  of  water  required  per  toot  of 
hole  drilled,  developed  by  the  Bureau  of  Nines  (2.)-  The  factor  used 
was  24  gallons  of  water  per  foot  of  hole  drilled. 


Application  of  secondary  methods  of  pr  idu'tion  permits  an  addi- 
tional extraction  of  oil  and/or  p,as  i roin  a reservoir.  This  is  done 
liy  pumping  water  or  gas  through  input  wells  to  displace  the  oil  or 
gas  from  the  producing  zone  toward  the  production  wells.  Iflien  water 
is  used,  the  operation  is  referred  to  as  a waterflood  project.  In 
a method  of  secondary  recovery  known  as  pressure  maintenance,  the 
natural  energy  of  the  producing  reservoir  is  not  allowed  to  become 
depleted.  Instead,  natural  gas  or  water  is  introduced  under  pres- 
sure to  maintain  reservoir  pressure  and  increase  ultimate  recovery. 

In  Michigan,  secondary  methods  of  oil  production  are  only  in 
early  stages  of  development.  The  principal  type  of  project  is  pres- 
sure maintenance  utilizing  brines.  A few  projects  in  the  State 
inject  natural  gas  but  none  in  the  Grand  River  Basin.  Waterflood 
projects  on  a pilot  basis  have  been  largely  unsuccessful  in  Michigan 
oilfields . 

Pressure  maintenance  projects  were  being  conducted  at  eight 
oilfields  in  the  Grand  River  Basin  during  1965.  The  fields  produced 
about  300,000  barrels  of  oil  or  13  percent  of  the  Basin's  1965  out- 
put. A total  of  19  injection  wells  were  used  to  inject  2.9  million 
barrels  of  water.  A small  quantity  of  this  water  was  ground  water 
from  glacial  drift.  The  primary  source  was  oilfield  brine,  tlie  out- 
put of  which  in  the  Grand  River  Basin  totaled  more  than  6.3  million 
barrels  in  1965.  Detailed  information  on  brine  is  presented  under 
"natural  brines."  Less  than  half  of  the  brine  produced  in  the  Grand 
River  Basin  was  injected  in  fields  subjected  to  secondary  recovery. 
Moreover,  large  reserves  of  brine  are  available  in  non-oil-bearing 
formation . 

It  is  believed,  therefore,  that  the  quantity  of  brine  produced 
witli  oil  or  available  in  non-oil-bearing  formations  is  large  enough 
to  sustain  extensive  secondary  recovery  projects  in  the  Grand  River 
Basin.  Specifically,  no  water  demands  on  surface  water  resources 
are  anticipated. 


b . Sand  and  Gravel. 


(1)  Occurrence  and  Reserves.  Sand  and  gravel  are  found 
in  glacial  drift  that  covers  the  entire  State  of  Michigan,  at  depths 
ranging  from  a few  feet  to  1,000  feet.  For  the  most  part,  the  drift 
consists  of  a heterogeneous  mixture  of  clay,  sand,  gravel,  and 
boulders.  Commercial  sand  and  gravel  is  found  in  segregated  deposits 
within  the  drift  in  the  forms  known  as  moraines,  eskers,  kames,  out- 
wash  plains,  and  glacial  channels.  Deposits  are  also  found  in  lake 
beds  and  river  channels  formed  after  the  Pleistocene  period  of  gla- 
ciation. Their  total  volume  is  small  in  comparison  with  the  total 
volume  of  the  drift,  yet  it  is  sufficient  to  meet  all  projected 
demands  within  the  Basin.  This  is  true  of  all  of  the  counties  in 


the  Grand  River  Basin,  particularly  Kent  and  Ottawa  Count ios  with 
their  larp,e  moraines  and  Inpham  Gounty  wliich  lias  an  abundance  of 
eskers  . 

For  the  purpose  of  this  study,  State  geologic  maps  were  used  to 
determine  whether  or  not  sand  and  gravel  were  available  in  sufficient 
quantity  to  fulfill  projected  accumulated  demand  through  tiie  year 
2020.  First,  the  2020  projected  accumulated  demand  of  about  1,650 
million  Cons  was  pro-rated  to  each  county  on  the  basis  of  production 
in  1960.  The  maps  were  tlien  examined  to  determine  wliether  there  was 
sufficient  supply  to  meet  tliis  demand.  Tlie  study  indicated  that 
sand  and  gravel  reserves  exceeded  projected  demand  in  all  subareas 
and  in  all  counties  within  each  subarea. 


(2)  Oper at  ions . Sand  and  gravel  deposits  are  mined  by 
surface  excavation  and  dredging.  Surface  excavation  may  necessitate 
stripping  of  overburden  prior  to  removal. 

Processing  includes  all  of  tiie  operations  necessary  to  convert 
the  crude  sand  and  gravel  to  usable  products.  Processing  facilities 
include  portable  and  stationary  plants.  In  areas  of  sustained  demand, 
stationary  plants  are  usually  erected  at  sites  containing  reserves 
large  enough  to  support  production  for  many  years.  Portable  plants 
are  generally  used  to  process  material  from  relatively  small  deposits 
or  are  set  up  to  satisfy  temporary  local  demands. 

The  amount  of  processing  required  depends  on  the  quality  of  the 
raw  material  and  the  specifications  that  govern  its  usage.  In  some 
instances,  sand  and  gravel  is  utilized  direct  from  the  source  with 
little  or  no  benef iciation . Processing  may  consist  only  of  crushing 
and  sizing.  Frequently,  this  is  complemented  by  some  combination  of 
jigging,  log  washing,  scrubbing,  or  classification  operations  to 
remove  deleterious  materials  such  as  organic  substances  and  clay. 

Simple  dry  screening  and  air  separation  are  two  methods  that  do 
not  use  water  to  remove  deleterious  material  from  sand  and  gravel. 
Other  methods  use  water  in  various  ways  to  wash  the  aggregate  and  to 
carry  away  the  deleterious  materials.  These  methods  include  wet 
screening,  screw  washing,  log  washing,  scrubbing,  and  classification. 

Changes  in  construction  material  technology  have  tended  to 
upgrade  the  quality  specifications  for  sand  and  gravel.  This  has 
greatly  increased  the  need  for  water  for  washing  and  classifying 
operations.  These  processes  constitute  the  largest  use  of  water  in 
sand  and  gravel  operations.  The  overflow  from  washing  and  classi- 
fying contains  the  fine  sand  and  clay  or  organic  matter.  It  is  dis- 
charged into  settling  ponds. 
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c . Gvptium. 


(1)  Occurrence  ^md  Kcservcs . (iypsura  beds  in  the  Grand 
River  basin  are  found  in  the  upper  part  of  the  Michigan  Formation  of 
Mississippian  age.  The  formation,  which  consists  mainly  of  shale, 
extends  over  the  central  [lortion  of  the  Micliigan  Geologic  basin  and 
ranges  in  thickness  from  a few  leet  to  5U0  feet  but  averages  about 
350  feet.  in  tlie  Grand  River  Basin  the  formation  is  exposed  in  an 
abandoned  gypsum  quarry  soutliwest  of  Grand  Rapids  in  Kent  County. 

In  otiier  parts  of  tlie  basin,  it  is  largely  covered  by  Pennsylvanian 
strata  and  glacial  drift.  The  formation  is  absent  in  some  areas  of 
the  Basin. 


The  largest  gypsum  deposits  have  been  found  in  the  Grand  Rapids 
area.  The  gypsum  occurs  in  five  seams  dipping  gently  to  tlie  east, 
varying  in  thickness  from  less  than  a toot  to  a maximum  of  about 
12  feet,  and  separated  by  shale  seams  from  1 to  3 feet  thick.  The 
top  gypsum  seam  averages  about  5 feet  thick,  but  the  seam  is  not  of 
commercial  grade.  Immediately  below  the  top  seam  is  a 2-foot  thick- 
ness of  shale  and  a 12-foot  seam  of  gypsum  trom  which  most  of  the 
production  has  been  obtained.  The  overburden  above  this  production 
seam  varies  from  80  to  160  feet. 

Data  on  gypsum  reserves  in  the  Grand  River  Basin  are  not  avail- 
able. However,  geologic  evidence  based  on  mining  and  core  drilling 
indicates  reserves  to  be  adequate  for  many  years  to  come.  Industry 
practice  is  to  test  and  extend  reserves  by  core  drilling  to  the 
extent  needed  to  meet  anticipated  demand. 


(2)  Operations . Gypsum  is  mined  by  the  room-and-pi liar 
underground  method  using  explosives  to  dislodge  and  break  the  gypsum. 
Rooms  and  pillars  are  generally  between  20  to  30  feet  square.  To 
avoid  contamination,  only  the  central  portion  of  a seam  is  mined. 
Gypsum  left  in  the  roof  also  serves  to  support  weak  overlying  shale 
seams.  The  practice  in  the  12-foot  seam  is  to  leave  2 feet  of  gyp- 
sum on  the  floor  and  2 feet  in  the  roof  (JJl) • This  permits  removal 
of  approximately  40  percent  of  the  gypsum.  The  remainder  is  left  in 
the  roof,  floor,  and  pillars. 

Crude  gypsum  is  brought  to  the  surface  and  processed  in  mills 
located  at  the  mine  site.  As  little  waste  is  generated  by  the  min- 
ing process,  surface  land  requirement  for  the  processing  plant  com- 
plex and  storage  facilities  is  small  in  comparison  to  surface  mining 
operations  such  as  sand  and  gravel  pits. 
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d . Clay  . 


(1)  Occur ri.nct'  and  Reserves.  A variety  of  clay  deposits 
is  present  in  the  Grand  River  Basin.  The  deposits  may  be  classiiied 
into  two  principal  types;  glacial  lake  clays  and  formation  clays. 
Relatively  small  deposits  of  glacial  lake  clays  are  widely  scattered 
tliroughout  the  Basin.  Generally,  these  clays  are  of  little  or  no 
commercial  value,  although  some  have  b-'en  used  for  clay  products 
manufacture.  Tlie  formation  clays  are  obtained  from  the  Saginaw  For- 
mation of  Middle  Pennsylvanian  age  and  include  shale  and  an  uncon- 
solidated clay,  commonly  referred  to  as  fire  clay.  Both  the  shale 
and  fire  clay  are  mined  and  processed  for  manufacture  of  clay  products. 

The  formation  clays  are  found  near  the  top  of  the  Saginaw  For- 
mation. Most  of  the  mining  has  been  in  the  shale  beds  ranging  from 
12  to  20  feet  thick.  Data  on  the  reserves  of  shales  suitable  for 
clay  tile  production  are  not  available,  but  reserves  are  believed  to 
be  extensive  and  considerably  greater  than  the  projected  accumulated 
demand  of  530,000  tons  through  the  year  2020. 


(2)  Operations . The  formation  clay  is  mined  by  open-pit 
methods.  Overburden  ranges  from  5 to  20  feet  and  consists  of  glacial 
drift  and  in  some  areas  shale,  clay,  and  coal  in  addition  to  the 
drift.  After  removal  of  the  overburden,  the  shale  is  blasted  and 
removed  by  dragline  or  ripped  with  a shovel  and  transported  by  truck. 
Mining  waste  disposal  and  other  land  use  requirements  cover  a very 
small  acreage.  Water  is  not  used  in  the  mining  phase. 


e . Limestone  - Marl  - Sandstone 

(1)  Occurrence  and  Reserves.  The  Bayport  Limestone  of 
late  Mississippian  age  is  used  chiefly  as  a source  of  crushed  stone 
for  concrete  aggregates  and  road  material.  Within  the  Basin  area  it 
has  a high  calcium  carbonate  content,  which  makes  it  suitable  for 
agricultural  lime.  The  Bayport  ranges  in  thickness  from  40  to  100 
feet.  Outcrops  of  the  formation  are  found  in  Jackson,  Eaton,  and 
Kent  Counties.  Elsewhere  it  is  covered  by  varying  thicknesses  of 
glacial  drift  and/or  Pennsylvanian  strata.  Reserves  have  not  been 
estimated  but  are  known  to  be  many  times  larger  than  the  projected 
accumulated  demand  of  about  28  million  tons  through  the  year  2020. 

Deposits  of  marl,  a mixture  of  clay  and  calcium  carbonate,  are 
confined  to  lakes  of  glacial  origin.  The  marl  was  derived  from  car- 
bonate materials  in  the  glacial  drift,  such  as  limestone  fragments 
or  glacially  ground  "rock  flour,"  which  were  dissolved  and  later  were 
precipitated  in  the  glacial  lakes.  The  resulting  marl  deposits  range 
in  area  from  a fraction  of  an  acre  to  several  square  miles  and  in 
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tliLckneiiS  I roni  li-ss  Ihaii  a , i-at  1 1'  15  iiii.  Marl  is  used  prur.arily 
ior  IreaLiug  soils  which  art  delLciont  ii-  i i me . Keserves  oi  marl  in 
Miciiif;ai)  have  iu>l  beer,  esti'-tated.  IndicaLid  reserves  in  I lie  (>rand 
River  Basin  appear  Lo  be  relatively  small  but  are  l^eiioved  to  be  ade- 
quate ior  till'  projected  accumulated  demand  ol  820,000  Lons  througli 
the  year  2020. 

Sandstone  reserves  are  large  but  have  not  been  estimated  quanti- 
tatively. Tlie  Marstiail  Sandstone  ol  early  Mississippian  age  and  the 
Ionia  and  Eaton  Sandstone  Members  oi  the  Grand  River  Formation  ol 
late  Pennsylvanian  age,  which  outcrop  at  scattered  locations  witliin 
the  Basin,  have  been  quarried.  Within  recent  years  mining  has  beer, 
limited  to  quarrying  of  tlie  Marshall  Sandstone  in  Jackson  County. 


(2)  Operations . Stone  operations  consist  of  quarr>’ing  and 
processing.  quarrying  includes  stripping  the  overburden,  breaking 
the  stone,  and  liauling  it  to  a processing  area.  Stripping  is  done 
by  a variety  oi  methods  depending  upon  the  depth  and  nature  of  tiie 
overburden.  Processing  includes  crushing,  screening,  washing,  and 
storage  to  produce  uniformly  graded  products  to  meet  specification. 

The  overflow  from  washing  and  classifying  contains  deleterious  mate- 
rials requiring  discharge  into  settling  ponds.  Current  water  require- 
ments are  negligible  and  have  not  been  computed.  Land  requirements 
are  also  small . 


f.  Natural  Brines.  Brine  is  produced  in  the  Basin  as  follows: 

(1)  Brine  produced  for  the  extraction  of  salts  and  salines. 

(2)  Brine  produced  with  oil. 

(3)  Brine  produced  primarily  for  highway  use. 

Salts  and  salines  are  produced  from  brine  in  a variety  of  processes. 
The  principal  products  are  chlorine,  bromine,  calcium  compounds  and 
magnesium  compounds;  however,  literally  hundreds  of  products  are 
derived  from  brine  directly  or  in  combination  with  other  raw  mate- 
rials. Data  on  the  quantity  and  value  of  this  production  are  witii- 
held  to  avoid  disclosing  individual  company  data. 


(1)  Occurrence  and  Reserves.  There  are  eight  principal 
brine  producing  formations  or  formation  groups  in  the  stratigraphic- 
sequence  ranging  upward  from  the  Trenton  Group  of  Middle  Ordovician 
age  to  the  Marshall  Formation  of  Early  Mississippian  age.  These 
formations  also  yield  some  oil  and/or  gas.  However,  the  occurrence 
of  brines  without  oil  or  gas  is  much  more  common.  Moreover,  nearly 
all  oil  wells  yield  brine  in  addition  to  oil.  During  1965,  an  aver- 
age of  nearly  three  barrels  of  brine  was  produced  with  each  barrel 
of  crude  oil  in  the  Grand  River  Basin. 
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Brines  for  the  extraction  of  salts  and  salines  are  produced  from 
t lu>  Sylvania  Sandstone  Member  of  the  Detroit  River  Formation  at  a 
deptli  of  about  5,000  feet;  early  production  was  from  Llie  Marstiall 
Formation  at  a depth  of  about  1,200  feet.  These  brines  and  the  brines 
produced  primarilv  for  higliway  use  are  not  believed  to  be  associated 
w i t ii  oil. 


Brine  reserves  have  not  been  calculated.  The  problem  is  not  one 
of  running  out  of  brine  for  salt  and  saline  extraction  but  to  dispose 
ot  brine  produced  with  oil. 


(2)  Operatiijns . Pollution  of  surface  water  in  streams  and 
lakes  with  brine  from  oil  producing  wells  has  long  been  a serious 
problem  of  Michigan's  oilfields.  In  recent  years,  however,  the  prob- 
lem has  been  largely  overcome  by  returning  the  brine  to  underground 
f ormat ions . 

The  separation  of  brine  from  oil  is  usually  accomplished  in  set- 
tling tanks  where  the  lighter  oil  floats  to  the  top  and  brine  is 
drawn  off  at  the  bottom  for  disposal.  Chemicals  may  be  used  to  facil- 
itate the  separation.  During  1965,  the  rate  of  brine  production  in 
Grand  River  Basin  oilfields  was  about  17,300  barrels  per  day.  Of 
this  total,  an  average  of  16,600  barrels  per  day  was  returned  to 
underground  formations  including  oil  producing  zones  and  the  remainder, 
about  700  barrels  per  day,  was  disposed  on  the  surface  in  pits  or  was 
used  on  highways  for  ice  control  and  dust  allayment . Oilfield  brine 
for  highway  use  is  believed  to  have  been  confined  mainly  to  Kent, 
Ottawa,  Montcalm,  and  Ionia  Counties. 

Brines  for  highway  use  from  wells  tapped  specifically  for  this 
purpose  are  widely  scattered  throughout  the  Basin.  At  Least  six 
wells  in  Eaton,  Gratiot,  Ionia,  and  Jackson  Counties  provided  brine 
for  highway  use  during  1964  at  a rate  of  about  585  barrels  per  day. 

Brines  for  salt  and  saline  extraction  operations  are  not  known 
to  involve  surface  disposal  of  wastes  or  pollution  of  surface  water 
resources . 


g . Other  Minerals. 


(1)  Peat . Peat  deposits  are  common  in  bogs,  swamps,  mar- 
shes, ponds,  and  lakes  of  glacial  origin.  These  are  widely  scattered 
throughout  the  Grand  River  Basin  and  vary  in  size  from  less  than  an 
acre  to  many  acres  and  in  thickness  from  a few  feet  to  more  than  40 
feet.  Peat  is  used  chiefly  for  soil  treatment,  as  packing,  and  for 
insulation.  Reserves  are  indicated  to  be  small  but  ample  for  the 
Basin's  projected  needs. 
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SECTION  III 

HISTORIC-ECONOMIC  ASPECTS  OF  THE  MINERAL  INDUSTRY 


7 . GENERAL  CONSIDERATIONS  AND  ASSUMPTIONS 


a.  Production  Data.  Production  data  presented  in  the  tables 
in  this  report  were  collected  and  compiled  by  the  Bureau  of  Mines, 
U.S.  Department  of  the  Interior.  Mineral  production  is  defined  as 
production  measured  by  mine  shipments,  sales,  or  marketable  produc- 
tion (including  consumption  by  producers).  Productivity  data  in  tons 
per  man-hour  were  computed  for  sand  and  gravel  by  the  U.S.  Bureau  of 
Mines  . 


b.  Employment  Data.  Source  of  employment  data  discussed  in 
this  report  is  the  U.S. Census  of  Population:  1960.  General  Social 
and  Economic  Characteristics.  Michigan. 


c.  Water  Data.  Water  terms  used  in  this  report  are  based  on 
classifications  defined  in  U.S.  Bureau  of  Mines,  Information  Circular 
8285; 

New  Water  - water  introduced  from  external  source  for  the  first 

time  . 


Discliarged  Water  - that  portion  of  the  plant's  total  water  that 
is  not  recirculated  or  consumed. 

Recirculated  Water  - water  reused  in  the  plant  to  conserve  new 
water  . 

Consumed  Water  - water  lost  in  the  product  by  evaporation  or 
other  means,  wliereby  it  is  lost  for  future  use  at  that  location. 
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The  besl  data  available  on  water  use  in  tlie  mi;  ■;  a,'  industries 
was  developed  bv  a Bureau  of  Mines  canvass  for  li.i-  '.eai  llhl.  Esti- 
mates ol  the  water  use  for  19b0  were  prepared  based  on  itie  1962 
canvass.  Tlie  estimates  are  mostly  limited  to  sand  and  pravel  and 
petroleum  industry  use.  Otlier  mineral  producers  used  nep.ligible 
amounts  or  no  water  at  all. 


d.  Land  Data . Land  use  data  arc  largely  prior  estimates  based 
in  part  on  genera!  knowledg.e  oi  various  types  of  operations  and  in 
part  on  surveys  whicli  refli’Cl  total  land  disturbed  by  mineral  extrac- 
tion activity.  Land  usi-  requirements  in  1960,  for  example,  necessi- 
tated assumptions  regarding  average  weight  of  materials  mined, 
di-ptii  of  mining,  operating  space  for  equipment  and  buildings,  stor- 
age space  dimensions,  etc. 

. Discovery  and  Early  Development.  The  history  of  mineral 
use  and  mineral  production  in  the  Grand  River  Basin  dates  back  to 
the  time  of  the  early  settlers.  As  early  as  1834,  a member  of  the 
14th  family  of  settlers  at  Grand  Rapids  built  a house  and  used  gyp- 
sum from  outcrops  in  tlie  area  for  ornamental  stucco  mouldings  (^) . 
During  succeeding  years,  more  use  was  made  of  the  deposits,  and 
commercial  interests  began  to  produce  the  gypsum  for  use  as  plaster. 

A plaster  mill  was  built  in  1841,  and  by  the  winter  of  1848  the  mill 
was  running  night  and  day  without  equalizing  the  demand,  so  that 
some  teams  coming  100  miles  were  forced  to  return  without  a load. 

By  1873  a competing  firm  had  become  established,  a rail  line  to 
Grand  Rapids  reduced  wagon  traffic  in  gypsum,  and  plaster  was  shipped 
by  water  from  docks  built  on  tlie  Grand  River.  The  Grand  Rapids 
Gypsum  Co.,  incorporated  in  1860,  is  one  of  the  oldest  manufacturers 
of  gypsum  in  the  Nation  (4) . 

The  history  of  coal  mining  in  Michigan  goes  back  to  the  dis- 
covery of  coal  near  Jackson  City  in  1835.  Small  mines  were  subse- 
quently opened  in  Eaton,  Jackson,  and  Shiawassee  Counties  . Coal 
production  in  the  State  reached  a peak  of  2 million  tons  in  1907. 
Production  then  began  to  drop  off,  and  the  last  mine  was  closed  in 
1952.  Nevertheless,  small  quantities  of  coal  are  still  uncovered 
in  clay  and  shale  pits  mined  at  Grand  Ledge.  On  Sundays  and  holidays, 
workmen  return  to  the  pits  with  trailers  and  pickup  trucks  and  haul 
out  coal  for  homo  use  (_5). 

Coal  mining  in  Michigan  ceased  owing  to  the  thin  and  discon- 
tinuous seams.  The  mines  were  small  and  the  coal  had  a high  content 
of  sulfur,  which  produced  odoriferous  corrosive  smoke.  The  coal  was 
also  fragile  and  pulverized  badly  during  shipment.  Moreover,  ;haft 
mining  was  necessary  in  most  places,  and  flooding  from  surface 
waters  hampered  operations  (,5). 
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By  the  Act  of  Admission  to  the  hnini'  in  1837,  Micliigan  was  per- 
mitted to  select  72  sections  of  land  lor  State  use.  Owing  to  the 
scarcity  of  salt,  the  State  selected  land.s  with  salt  springs  in  the 
hope  tliat  these  could  be  developed  to  supply  local  needs.  One  of 
the  "State  salt  springs"  was  located  near  Grand  Rapids,  and  in  1838 
funds  were  authorized  to  drill  to  the  source.  After  drilling  to 
400  feet,  tlie  project  was  abandoned  as  a failure.  By  1850,  however, 
brine  was  being  obtained  from  a well  drilled  in  Grand  Rapids  to  a 
depth  of  661  feet,  and  salt  manufactured  from  the  brine  was  selling 
for  $3  per  barrel.  A bounty  on  salt,  passed  by  the  Legislature  in 
1859,  resulted  in  a well-established  salt  industry  by  1869;  several 
producers  were  located  within  the  Grand  River  Basin.  Little  atten- 
tion was  paid  to  the  other  compounds  contained  in  brine  produced  for 
salt  until  the  Dow  Chemical  Company  was  established  at  Midland  in 
1897.  Since  that  date,  Michigan  has  become  a leader  in  salt  and 
saline  production  from  brine. 

Petroleum  was  produced  in  small  quantities  in  Michigan  as  early 
as  1886,  but  most  claim  the  discovery  of  the  Saginaw  City  oilfield 
in  1925  was  the  start  of  the  State's  petroleum  industry.  Records 
show  that  the  first  oil  and  gas  production  within  the  Grand  River 
Basin  began  in  Montcalm  County  in  1934  (^) . 

Through  1965,  44  oilfields  and  18  gasfields  have  been  discovered 
in  the  Basin,  of  which  18  oilfields  and  five  gasfields  have  been 
abandoned  and  three  gasfields  converted  to  underground  gas  storage 
reservoirs  (J_)  ■ Annual  oil  production  in  the  Basin  reached  an  early 
peak  of  about  185,100  barrels  in  1939  and  then  declined  to  about 
2,000  barrels  in  1945.  Production  was  at  a much  higher  level  dur- 
ing the  1950's,  but  not  until  the  Albion-Pulaski-Scipio  trend  was 
discovered  in  1959  did  annual  output  exceed  1 million  barrels.  This 
field  cuts  across  the  southwestern  corner  of  Jackson  County  and  is 
one  of  the  most  important  discoveries  in  Michigan  during  recent  years 

(5). 

Information  on  the  early  use  or  production  of  other  resources 
in  the  Grand  River  Basin  is  scarce.  Sand  and  gravel  were  probably 
used  by  early  settlers  in  building  foundations  and  on  roadways,  but 
no  record  of  this  use  is  available.  Much  the  same  can  be  said  about 
sandstone,  limestone,  and  marl,  except  that  small  sandstone  quarries 
are  known  to  have  been  operating  in  Jackson,  Ottawa,  Eaton,  and  Ionia 
Counties  in  the  I890's.  Many  of  the  older  structures  in  the  area 
have  sandstone  block  foundations,  and  in  some  structures  sandstone 
was  used  extensively. 

The  principal  commodities  produced  within  the  Grand  River  Basin 
during  the  past  30  years  have  been  gypsum,  sand  and  gravel.  The 
value  of  petroleum  and  natural  gas  output  was  relatively  small  until 
the  1950's.  Table  2 shows  at  5-year  intervals  from  1935  to  1960, 
mineral  production  in  the  Grand  River  Basin  and  total  Michigan  out- 
put of  similar  commodities.  Note  that  since  the  early  1950's  the 
Grand  River  Basin  has  accounted  for  nearly  all  of  the  State's  out- 
put of  sandstone. 
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TABLE  2.  - Mineral  production  in  the  Grand  River  Basin  for  selected  year 
^Thousands  of  short  tons  and  thousands  ol  dollars) 


Jiot  available 
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BASIN  MINICKAL  INDUSTRY 


As  sluiwn  in  table  2,  the  value  ol  Ltie  iiasin's  mineral  output  in 
1960  totaled  $17,882,000,  of  which  -48  |)eiiOht  was  that  of  crude  oil, 
43  percent  was  contributed  by  sand  and  gravel,  and  the  remaining  9 
percent  by  all  other  minerals.  Nearly  all  of  the  commodities  were 
produced  in  greater  quantity  than  in  any  pr<‘vious  year.  The  value 
of  crude  oil  output  in  1960  exceeded  that  ol  .sand  and  gravel  for  the 
first  time.  By  1965,  value  of  sand  and  gravel  production  had 
increased  and  was  again  first  in  value  and  crude  oil  was  second. 

At  the  end  of  1960,  there  were  97  mineral  producers  in  the  Basin 
including  State,  county,  and  private  concerns  but  excluding  petroleum 
and  natural  gas  producers  (7).  Of  the  97  producers,  68  were  engaged 
in  sand  and  gravel  operations,  two  gypsum,  one  salt  and  salines, 
three  limestone,  five  marl,  five  clay,  three  sandstone,  and  10  peat. 
Employment  totaled  750  of  which  340  were  engaged  in  petroleum  and 
natural  gasfield  operations  and  410  in  mining  nonmetallic  minerals. 

Of  the  latter,  perhaps  half  were  engaged  in  sand  and  gravel  extrac- 
tion and  processing.  Productivity  of  sand  and  gravel  workers  in  1960 
is  estimated  at  9.75  tons  per  man-hour. 

The  principal  water  users  were  sand  and  gravel  producers  and 
oil  and  gasfield  operators.  Water  data  for  the  sand  and  gravel 
industry  in  the  Basin  is  tabulated  in  table  3,  by  subarea.  (See 
figure  1.) 

Based  on  an  estimate  of  24  gallons  of  water  used  per  foot  of 
hole  drilled,  oil  and  gas  drilling  operations  in  1960  required  21.6 
million  gallons  of  water.  However,  the  nature  of  drilling  operations 
indicates  that  most  of  the  water  needs  were  met  by  recirculation . 

Oilfield  brine,  produced  along  with  crude  oil,  totaled  4,438,000 
barrels  in  1960.  Of  this  total,  4,409,000  barrels  was  disposed  in 
underground  formations  including  oil  producing  zones  for  reservoir 
pressure  maintenance  and  29,000  barrels  was  disposed  on  the  surface 
in  pits  or  used  on  highways  {.]_).  No  estimates  are  available  on  non- 
oilfield brine  produced  specifically  for  highway  use  or  for  salt 
extract  ion . 

Land  use  hy  the  mineral  industry  during  1960  is  estimated  at 
more  than  300  acres,  most  of  which  was  accounted  for  by  sand  and 
gravel  producers.  The  mineral  industry,  excluding  petroleum  and  nat- 
ural gas,  was  widely  scattered  throughout  the  area  with  operations 
at  about  146  locations.  (See  figure  1.)  Of  these,  117  were  for  sand 
and  gravel,  five  clay,  four  marl,  four  limestone,  three  sandstone, 
two  gypsum,  one  salt  and  salines,  and  10  peat.  Petroleum  and  natural 
gas  operations  included  814  producing  oil  wells  and  29  gas  wells;  the 
space  occupied  by  well  equipment  totaled  less  than  42  acres.  Oil  and 
gasfield  locations  are  shown  in  figure  2.  Table  4 shows  a breakdown 
of  estimated  land  use  for  selected  commodity  production. 
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Total  381  493  49  923  846  21  867  1,215 


rAKLi:  4. 
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■ t'-iii  i!’'ated  I.ind  use  d'.  Liic  miiifr;<L  iimu.'.:  i y 
in  19bU.  Grand  Rivii  Uasiti  (act  - .s) 
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1 
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18 
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•Note:  Gypsum  is  excluded  because  the  underground  mining  of  gypsum 


onlv  requires  fixed  surface  facilities  for  processing. 

Figure  withlield  to  avoid  disclosing  individual  company  confi- 
dential data. 

1/  Less  than  1 acre. 

_3/  Data  may  not  add  to  some  totals  shown. 

. PROJECTIONS  OF  FUTURE  INDUSTRY  ACTIVITY  AND  NEEDS 

a . Methodology . 

(,  1 ) Assumot  ions  . In  making  projections  of  production  and 
employment  through  2020,  the  following  general  assumptions  were  made: 

During  the  projection  period,  1960-2020,  no  major  economic  dis- 
turbance will  seriously  affect  the  long-term  growth  patterns  of  the 
Nation's  economy. 

International  political  tensions  will  remain  at  about  tlie  pre- 
sent level.  Military  requirements  for  manpower  are  assumed  to 
decline  somewhat  in  the  future. 

■Meeftanism  for  training  a labor  force  sufficiently  well  to  meet 
th.e  demands  of  technologic  change  will  be  provided. 

Future  price  changes  will  not  significantly  affect  the  projected 
economic  relationship,  altliough  it  is  assumed  that  inflationary 
pressure  will  continue. 
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(2)  Production  Prii  iocl ions . The  bureau  of  Mines  developed 
projections  of  mineral  production  in  the  (rand  Kiver  Basin  for  the 
years  1970,  1980,  1990,  2000,  2010,  and  2020.  Construction  activity 
pro  ject  ion.s , provided  by  the  Corps  of  Engineers,  were  the  basis  for 
projections  of  sand,  gravel,  clay,  marl,  and  limestone  production. 
Gypsum  projections  arc  withheld  to  avoid  disclosing  individual  com- 
pany confidential  data.  In  the  case  of  petroleum,  and  natural  gas  it 
was  the  consensus  of  opinion  in  the  Michigan  Department  of  Conserva- 
tion that  production  v;ill  continue  to  decline,  and  by  1980  most  of 
the  oil  and  gasfields  should  be  on  a stripper  basis.  A detailed  dis- 
cussion in  regard  to  methods  employed  to  calculate  the  various  min- 
eral projections  appears  in  the  Economic  Base  Study  (4). 


(3)  Employment  Projections.  Employment  projections  were 
prepared  by  the  Battelle  Memorial  Institute  under  contract  to  the 
Corps  of  Engineers  (4).  The  projections  are  based  in  part  on  pro- 
ductivity data  projected  by  the  Bureau  of  Mines. 


(4)  Water  Use  Pro ^-ct ions . The  only  mineral  producers 
using  significant  quantitie;  ;f  water  for  which  projections  were  made 
are  sand  and  gravel  operators  and  oil  and  gas  producers.  Other  min- 
eral producers  used  either  insignificant  quantities  or  no  water  at  all. 

Water  use  in  the  petroleum  industry  was  estimated  by  historical 
trend  extrapolation  for  near  future  well  drilling  operations  but  not 
for  secondary  recovery.  In  the  case  of  well  drilling  operations,  it 
is  assumed  that  the  water  requirement  (24  gallons  per  foot  of  hole 
drilled)  will  be  supplied  from  sources  at  or  near  the  surface  that 
are  included  in  the  Basin's  water  resource  development  plans.  In 
secondary  recovery  operations,  brine  produced  witli  oil  or  available 
in  deep  seated  formations  is  in  sufficient  quantity  to  satisfy  all 
requirements  for  oilfield  pressure  maintenance  or  secondary  recovery 
by  waterflood.  This  water  is  not  included  in  the  Basin's  water 
resource  development  plans  except  from  the  standpoint  of  surface 
water  pollution  from  improper  handling  of  brine  produced  with  oil. 

Brine  output  is  several  times  greater  than  oil  ouput  and  will  con- 
tinue to  increase. 

Water  data  from  the  Bureau  of  Mines  1962  mineral  industry  water 
canvass  were  used  to  determine  water  ratios  per  ton  of  sand  and 
gravel  product  for  each  sub-planning  area.  These  ratios  were  applied 
to  the  1960  production  and  the  projected  production  to  arrive  at  the 
water  use  in  the  mineral  industry  for  those  years.  Table  5 shows 
the  average  water  use  ratios. 

The  ratios  were  increased  for  the  projection  years  after  1970 
to  reflect  the  trend  in  the  demand  for  cleaner  and  better  quality 
sand  and  gravel  that  requires  more  water  to  process. 
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TABLE  5 . - Grand  River  Bat.in  avcra^te  sand  and  7 rave  1 

watci.  use  ratios  (gallona  per  ton  ui  roductj 


Year 

New  water 
intake 

Water 

discharged 

Water 

recirculated 

Water 
c onsumed 

1960 

98 

92 

129 

6 

1970 

98 

92 

129 

6 

1980 

99 

93 

130 

6 

1990 

100 

94 

131 

6 

2000 

101 

95 

132 

6 

2010 

102 

96 

133 

6 

2020 

lOi 

97 

134 

6 

(5)  Land  Use  Projections.  The  land  needs  tor  future  min- 
eral production  were  estimated  by  using  the  proiected  mineral  pro- 
duction and  knowledge  of  characteristics  of  mineral  deposits.  By 
assuming  an  average  mining  depth  for  surface  deposits  based  on  tlie 
characteristics  of  the  deposits  and  probable  future  mining  practice, 
an  estimate  of  the  amount  of  land  that  will  be  required  for  the  min- 
ing industry  can  be  determined.  This  has  been  done  for  each  of  the 
mineral  commodities  of  significance  in  each  subarea.  While  a high 
degree  of  uncertainty  exists  in  these  projections,  they  do  give  an 
indication  of  the  magnitude  of  the  land  needs  by  the  industry  in  sur- 
face mining  operations.  Land  needs  for  underground  mines  in  the 
Grand  River  Basin  are  minor  requiring  only  sufficient  land  for  the 
plant  site  and  waste  disposal. 

Valuable  knowledge  of  land  use  by  the  mineral  industry  has  been 
gained  from  field  surveys.  The  Bureau  of  Mines  in  cooperation  with 
the  States  and  the  Department  of  Agriculture,  made  a survey  of  land 
use  by  the  open  pit  or  surface  mining  industry.  Results  of  this 
survey  are  not  yet  available,  but  data  collected  have  been  used  in 
this  report  to  estimate  the  land  use  in  the  Basin  and  as  a guide  in 
making  projections.  Another  survey  conducted  by  the  Department  of 
Agricultrue  on  a county  by  county  basis  produced  a tabulation  of  all 
land  disturbed  by  mining  to  January  1,  1965.  This  survey  presents 
an  estimate  of  past  land  use  as  of  that  date  but  obviously  may  not 
include  all  land  disturbed  by  mining.  Some  formerly  mined  areas  may 
now  be  utilized  in  a manner  obscuring  early  operations  such  as 
building  developments  on  old  gravel  pits,  mined  areas  reclaimed  for 
farming,  natural  vegetation  reestablished  on  formerly  mined  areas, 
or  lakes  occupying  old  pits.  Therefore  dividing  the  amount  of  dis- 
turbed area  by  the  historical  production  would  not  give  a precise 
figure  for  the  land  use  per  unit  of  mineral  production. 
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Stone,  sand,  gravel,  peat,  marl,  and  clay  mining  require  land 
lor  the  pit  and  plant.  Overburden  or  wasti  material  produced  is 
usually  replaced  in  worked  out  areas  oi  the  pits.  Tlie  land  require- 
ments necessary  to  meet  projected  demands  may  become  critical  where 
these  materials  are  mined  in  ot  near  urban  areas.  It  was  assumed 
that  land  requirements  would  be  met  in  nonurban  areas. 

No  estimates  were  made  of  the  amount  of  land  that  may  be 
reclaimed  in  the  future  after  mining  operations  are  completed.  The 
amount  of  land  reclaimed  in  the  future  will  depend  primarily  upon 
governmental  regulations,  the  willingness  of  operators  to  volun- 
tarily reclaim  land  and  cost  of  reclamation  versus  the  market  value 
01  the  land  reclaimed. 


b.  Basin  Projections.  All  of  the  mineral  commodities  produced 
in  the  Basin  are  expected  to  show  significant  increases  in  production 
with  the  exception  of  petroleum,  natural  gas,  and  marl.  Marl  is 
expected  to  remain  relatively  unchanged.  Petroleum  and  natural  gas 
are  expected  to  show  steady  decline.  Sand  and  gravel  is  projected 
to  increase  annually  to  nearly  59  million  tons  in  the  year  2020. 
Production  projections  are  shown  in  table  6. 

The  projected  decline  in  the  production  of  petroleum  and  natural 
gas  is  expected  to  cause  employment  in  this  industry  to  decline  from 
an  estimated  level  of  275  persons  in  1970  to  a 2020  level  of  100. 

This  estimate  assumes  that  no  major  petroleum  discoveries  will 
develop.  It  will  not  be  until  the  1980' s that  increasing  employment 
in  the  nonmetallic  category,  principally  the  sand  and  gravel  indus- 
try, will  offset  declining  employment  in  the  petroleum  and  natural 
gas  industry  and  result  in  an  increase  in  total  employment.  Employ- 
ment projections  are  shown  in  table  7. 

Owing  to  improvements  in  productivity,  employment  in  the  non- 
metallic minerals  industry  is  not  expected  to  increase  commensur- 
atcly  with  production.  Table  8 shows  projected  productivity  in  the 
sand  and  gravel  industry. 
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TAliLE  6.  - Gran 


2020  594  103  216  128  242  1,183  100  1,283 


i 

Vtar 

Product  ion 

Product ivit  y 

19/0 

12,250 

12.50 

1980 

17,250 

15.25 

1990 

23,000 

18.00 

2000 

31,750 

20.76 

2010 

43,250 

23.01 

2020 

58,750 

26.26 

Future  water  requirements  for  tlic-  Basin's  sand  and  gravel  indus- 
t rv  are  shown  in  table  9. 


TABLE  9 . - (..rand  River  Basin  projected  water  use  in  the 

sand  and  >;ravel  industry 
(millions  of  aallons) 


Year 

1 

Intake  1 

Discharged 

Recirculated 

Consumed 

i 

L970 

1,201 

1,127 

1,580 

74 

1980 

1,708 

1,604 

2,243 

104 

1990 

2,300 

2,162 

3,013 

138 

2000 

3,207 

3,016 

4,191 

191 

2010 

4,412 

4,152 

5,752 

260 

2020 

6,051 

5,699 

7,873 

352 

'.v'ater  use  by  the  petroleum  industry  for  well  drilling  is  esti- 
mated at  2.2  million  gallons  in  1970  and  possibly  2 million  gallons 
in  1975;  no  estimates  are  available  on  the  intake,  discharge,  recir- 
culated, or  consumed  quantities.  Water  requirements  for  secondary 
recovery  have  not  been  estimated;  however,  it  is  believed  all 
future  requirements  can  be  met  by  brine  produced  with  oil  or  avail- 
able in  underground  formations.  No  serious  pollution  proble.rs  in 
handling  the  brine  are  anticipated  if  controls  arc  properly  enforced. 
Water  use  in  otiier  segments  of  the  mineral  industry,  such  as  clay, 
sandstone,  limestone,  etc.,  is  not  expected  to  become  significant. 
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Annual  land  use  by  the  mineral  industry  is  expceted  to  increase 
Irom  a projected  350  acres  in  1970  to  1,673  e res  in  2020.  The  cum- 
ulative l‘)60-2020  ti)tal  ol  43,983  acres  represent  .s  about  1 percent 
ot  tlu'  11-county  liasin  area.  Tliis  does  not  include  petroleum  indus- 
try land  requirements  lor  wliicii  no  estimates  are  available.  More 
tlian  96  percent  or  44,400  acres  of  tiie  45,983  acre  requirement  will 
be  lot  sand  and  gravel  operations  that  will  be  widely  scattered 
throughout  the  Basin  area.  Table  1C  shows  a breakdown  of  projected 
land  use. 

The  Bureau  of  Mines  strip  mine  survey  shows  that  5.421  acres  of 
land  iiave  been  disturbed  as  of  the  end  of  1965.  Of  the  5,421  acres, 
4,815  were  disturbed  by  sand  and  gravel  producers,  158  limestone, 

58  sandstone,  82  clay,  88  coal,  and  200  peat.  An  additional  765 
acres  wore  disturbed  in  borrow  operations. 


TABLK  10.  - Grand  River  Basin  projected  land  use 

(acres) 


Commodity 

1970 

1980 

1990 

2000 

2010 

2020 

1960-2020 

(cumulative) 

Clay 

6 

8 

10 

14 

19 

24 

715 

Marl 

1 

1 

1 

1 

1 

1 

60 

Limestone  and 
sandstone 

6 

9 

12 

15 

21 

28 

i/  740 

Sand  and  gravel 

337 

475 

634 

874 

1 , 191 

1,618 

44,400 

Peat 

(2/) 

1 

1 

1 

2 

2 

68 

Total 

350 

494 

658 

905 

1,233 

1,673 

45,983 

_!/  1970-2020  cumulative. 

2./  Less  than  1 acre. 


SECTION  IV 

DISCUSSION  BY  SUBi\REAS 


10.  SUBAREA  A - GRAND  RAPIDS 


a.  General  Description.  The  Grand  Rapids  subarea  comprises  the 
Counties  of  Kent  and  Ottawa  which  have  a combined  area  of  1,426  square 
miles.  Population  in  1960  totaled  461,906  of  whicli  177,000  or 
38  percent  was  in  the  City  of  Grand  Rapids. 
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l.akc  Mithiium  luirdors  the  siiharea  mi  tlu-  west.  Iln  Ihi'.iu's 
piiiuipal  ih.iinaKi'  i iiamu  1 , t lie  (hand  Kivti,  tlnw,,  .i,.r.ms  t ni  sub- 
area  in  a At'stwaidlv  direction  and  empties  into  hake  iilii  an  alter 
passiu^i  llirou>;!i  a uap  in  a line  ol  low  hills  hoiderme  tli  laki. 

1 he  hills  are  el  hi  ^h -fiua  1 i I y sand  and  are  'nut  i evidiiue  ol  the  buh- 
area's  vast  reserves  ol  sand  and  >iravel.  Tin  ari  a i ast  ol  the  lake 
IS  relativelv  t lat  and  undirlaiii  hi  largi-  irtas  ol  well -sorted  sand 
and  eravel  excr-edinn  4U0  leet  in  thickness.  Ni  ar  the  t.ity  ol  (.rand 
Rapids,  gypsum  beds  oicur  less  than  d(HJ  i et i hr  1 ew  the  surtace. 
riiese  di  posits  are  ol  sulliiient  si  ye  to  sustain  produtLion  at  the 
projeited  rate  lor  manv  years  to  come.  Tlu  sami  is  trui  ol  scattered 
di-posits  ol  marl  and  peat,  which  are  muiid  in  relatively  small  quan- 
titv  to  meet  loi.il  demand.  I’eCroltum  and  natural  gas  reserves  are 
considered  s.mall.  Declining  output  ol  both  during  recent  years  is 
evidence  that  icserves  are  anproaching  depletion.  Other  resources, 
such  as  sandstone  and  brine,  are  available  in  substantial  quantities. 


h.  Subarea  Mineral  industry.  Value  ol  mineral  production  in 
l^'oC  was  S5,77A,0()0,  ranking  this  subarea  lirst  in  the  Basin.  The 
subarea  also  ranked  lirst  in  the  output  ol  sand  and  gravel  and  peat 
and  accounted  tor  all  ol  the  Basin's  gypsum  production.  (Quantity 
and  value  ol  output  arc  shown  in  table  11. 

At  tiie  end  oi  I960,  there  were  26  mineral  producers  including 
State,  county,  and  private  concerns,  but  excluding  petroleum  and 
natural  gas  producers.  Of  the  26  producers,  18  were  engaged  in  sand 
and  gravel  operations,  two  gypsum,  two  marl,  and  four  peat.  Kmploy 
ment,  including  that  in  production  of  petroleum,  natural  gas  and 
nonmetallic  minerals,  totaled  347,  which  was  46  percent  of  tlic 
Basin's  total  mineral  industry  employment. 


TABLE  11.  - Mineral  production  in  Subarea  A - Grand  Rapids.  1960 
(thousands  of  short  tons  and  thousands  ol  dollars > 


Conmod i t v 

(,'uant  i tv 

°L  of  Basin 
total 

Va  lue 

Cypsum 

(1/7 

100 

(1/) 

Marl 

1 

6 

1 

Sand  and  gravel 

4,520 

48 

(1/) 

Natural  gas.t'' 

22,000 

2 1 

5 

PctroleuTwi. 

387 

13 

1,127 

Peat 

3 

50 

20 

Total 

XXX 

1 

5,774 

Figure  withlield  to  avoid  disclosing  individual  company  confiden- 
tial data.  However,  values  are  included  in  subarea  total, 

2 Thou.sands  of  cubic  feet. 


J/  Thou.sands  of  42-gallon  barrels. 
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Water  use  in  tlie  petroleum  industry  for  oil  well  drilling  opera- 
tions totaled  an  estimated  3.2  million  gallons  in  1960.  There  were 
b5  well  completions,  of  wliicli  47  were  oil  wells,  two  gas  wells,  and 
lb  dry  holes.  Oilfield  brine  production  totaled  303,000  barrels, 
of  which  233,000  barrels  was  returned  to  formation  and  70,000  barrels 
was  disposed  in  surface  pits  and  on  highways  for  ice  control  and  dust 
allayment.  Sand  and  gravel  water  data  are  shown  in  table  3. 

Land  use  by  the  mineral  industry  in  Subarea  A during  1960  is 
estimated  at  149  acres  or  about  49  percent  of  the  Grand  River  Basin 
total.  Mineral  industry  activity  was  largely  concentrated  along  the 
Grand  River,  particularly  in  and  around  the  City  of  Grand  Rapids. 
There  were  about  29  active  sand  and  gravel  pits,  two  marl  pits,  two 
gypsum  mines,  and  four  peat  pits.  Petroleum  and  natural  gas  opera- 
tions included  489  producing  oil  wells  and  15  gas  wells.  The  actual 
space  occupied  by  well  equipment  can  be  measured  in  fractions  of  an 
acre.  Table  4 sliows  a breakdown  of  estimated  land  use  in  1960. 


c.  Subarea  Projections.  Projections  for  the  subarea  indicated 
steady  increases  in  production  of  sand,  gravel,  and  peat  with  marl 
remaining  unchanged,  and  both  petroleum  and  natural  gas  production 
declining,  table  12. 

As  a result  of  declining  petroleum  and  natural  gas  outout,  min- 
eral industry  employment  is  expected  to  decline  until  1980.  After 
1980,  increasing  employment  in  the  sand  and  gravel  sector  is  expected 
to  reverse  the  trend  upward  tlr>"ough  the  year  2020.  Projected  employ- 
ment is  tabulated  in  table  7. 

Water  use  by  the  petroleum  industry  for  well  drilling  is 
expected  to  be  about  275,000  gallons  in  1970.  The  uncertainties  of 
drilling  operations  prohibit  reasonable  projections  beyond  1970. 

Sand  and  gravel  operators  in  Subarea  A are  projected  to  use  more 
water  than  all  other  sand  and  gravel  operators  in  the  Basin  combined. 
Future  water  requirements  for  the  subarea's  sand  and  gravel  industry 
are  shown  in  table  13. 

Annual  land  use  by  the  subarea's  mineral  industries  is  expected 
to  increase  from  a projected  167  acres  in  1970  to  826  acres  in  2020. 
The  cumulative  1960-2020  total  of  22,543  acres  represents  about  2.5 
percent  of  the  two-county  area  and  44.8  percent  of  total  projected 
land  use  by  the  mining  industry  in  the  Grand  River  Basin.  Most  of 
the  land  requirement  in  the  subarea  will  be  for  sand  and  gravel 
operations,  which  will  probably  be  concentrated  near  or  along  the 
Grand  River,  table  14. 
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Intake 


Discharge 


Recirculated 


Consuined 


TABLE  14.  - Subarea  A ~ Grand  Rapids  projected  land  use 

acres') 


Commodity 

1 

19  70 

1980 

j 

1990 

2000 

20L0 

1 

2020 

1960-2020 

(cumulative) 

Marl 

(1/) 

(I/) 

a/) 

a/) 

a/) 

a/) 

4 

Sand  and  gravel 

167 

241 

322 

443 

605 

825 

22,505 

Peat 

a/) 

a/) 

a/) 

a/) 

1 

1 

34 

Total 

167 

241 

322 

443 

606 

> — ! 

826 

22,543 

1/  Less  than  1 acre. 
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The  Bureau  ol  Mines  strip  and  surface  mine  survey  shows  that 
925  acres  of  land  have  been  disturbed  as  of  the  end  of  1965.  Of  the 
925  acres,  765  were  disturbed  by  sand  and  gravel  producers,  10  sand- 
stone, 20  marl,  and  130  borrow.  Data  are  not  available  on  the  area 
of  land  reclaimed.  However,  reclamation  practices  pioneered  by  the 
('.rand  Rapids  Sand  and  Gravel  Co.  near  the  City  of  Grand  Rapids  have 
been  very  successful  {3) ■ this  area,  sand  and  gravel  pits  have 

been  reclaimed  for  residential  use  and  public  recreational  facilities. 

11 . SUbARhA  \i  - WEST  CENTRAL  BELT 


a.  General  Description.  This  subarea  comprises  the  predomi- 
nantly rural  counties  of  Montcalm,  Ionia,  and  Barry,  which  have  a 
combined  area  of  1,836  square  miles.  In  1960,  the  subarea's  popu- 
lation was  110,665. 

The  West  Central  Belt  was  delimited  as  a natural  zone  separat- 
ing the  Grand  Rapids  and  Lansing  urban  complexes  or  SMSA's.  In 
economic  planning,  the  division  is  a logical  separation  of  the  rural 
from  the  urban. 

.Nonfuel  mineral  commodities  are  available  in  sufficient  quantity 
to  meet  the  subarea's  projected  future  demand.  Petroleum  and  natural 
gas  production  are  on  the  decline  because  of  limited  reserves.  Sand 
and  gravel  are  particularly  abundant  in  glacial  drift  that  exceeds 
400  feet  in  thickness.  A significant  portion  of  the  subarea's  sand, 
gravel,  petroleum,  and  natural  gas  output  are  from  fringe  areas  out- 
side of  the  Grand  River  drainage  basin. 


b.  Subarea  Mineral  Industry.  Value  of  mineral  production  in 
1960  was  $3,397,000,  ranking  this  subarea  third  in  the  Basin.  The 
subarea  accounted  for  the  bulk  of  the  Basin's  marl  output  and  was 
second  in  petroleum  and  natural  gas  production.  Quantity  and  value 
of  output  is  shown  in  table  15. 

At  the  end  of  1960,  there  were  19  mineral  producers  including 
State,  County,  and  private  concerns,  but  excluding  petroleum  and 
natural  gas  producers.  Of  the  19  producers,  15  were  engaged  in  sand 
and  gravel  operations,  2 peat,  and  2 in  marl  and  limestone.  Mineral 
industry  employment,  including  that  in  production  of  petroleum, 
natural  gas  and  nonmetallic  minerals,  totaled  60  which  was  only  8 
percent  of  the  Basin  total.  Although  the  subarea  ranked  third  in 
value  of  mineral  output,  it  ranked  last  in  employment. 
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TABLE  15.  - Ninoral  production  in  Subarea  B 
West  Central  Belt,  1960 

(thousands  of  short  tons  and  thousands  ol  dollars) 


Co'nniod  i t v 

Ouant it" 

ui  Basin 
total 

Value 

Limestone 

(1/) 

a/) 

(i/) 

Mar  1 

13 

81 

8 

Sand  and  gravel 

1,766 

19 

(1/) 

Natural  gas^^ 

385,000 

38 

82 

3 / 

Pi'troleuiTT^^ 

6 31 

21 

1,835 

Peat 

(in 

(1/) 

(i/) 

Total 

XXX 

X X 

3,397 

X/  Eijjure  withheld  to  avoid  disclosing  individual  company  confi- 


dential data.  However,  value  data  are  included  in  subarea  total. 
2,/  Thousands  of  cubic  feet. 

Thousands  of  42-gallon  barrels. 

Water  use  in  the  petroleum  industry  for  oil  well  drilling  oper- 
ations totaled  an  estimated  2 million  gallons  in  1960.  There  were 
41  well  completions,  of  which  30  showed  the  presence  of  gas  and  11 
were  dry  holes.  Oilfield  brine  production  totaled  nearly  4.3  million 
barrels,  the  bulk  of  the  Basin's  output,  of  which  99.8  percent  was 
returned  to  formation,  and  0.2  percent  was  disposed  in  surface  pits 
and  on  highways  for  ice  control  and  dust  allayment.  Sand  and  gravel 
water  data  are  shown  in  table  3. 

Land  use  by  the  mineral  industry  in  Subarea  B during  1960  is 
estimated  at  59  acres  or  19  percent  of  the  Grand  River  Basin  total. 
Mineral  industry  activity  was  largely  concentrated  in  two  areas;  oil 
and  gas  in  Montcalm  County,  and  sand  and  gravel  in  Barry  and  Ionia 
Counties.  There  were  26  active  sand  and  gravel  pits,  two  marl  and 
limestone  quarries,  and  two  peat  pits.  Petroleum  and  natural  gas 
operations  included  179  producing  oil  wells  and  six  gas  wells.  The 
actual  space  occupied  by  well  equipment  can  be  measured  in  fractions 
of  an  acre.  Table  4 sliows  a breakdown  of  estimated  land  use  in  1960. 

c.  Subarea  Projections.  Projected  mineral  output  in  the  sub- 
area  indicates  steady  increases  in  sand,  gravel,  and  peat;  a small 
decline  in  marl;  and  cessation  of  petroleum  and  natural  gas  produc- 
tion sometime  after  1990.  Projections  are  shown  in  table  16. 

In  response  to  declining  petroleum  and  natural  gas  output,  min- 
eral industry  employment  is  expected  to  decline  until  1980.  After 
1980,  increasing  employment  in  the  sand  and  gravel  sector  is  expected 
to  reverse  the  trend  upward  (table  7). 
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TABLE  16.  - Subarea  B - West  Central  Belt  projected  mineral  production 


Water  use  by  the  petroleum  industry  for  well  drilling  is  expected 
to  be  about  625,000  gallons  in  1970.  The  uncertainties  of  drilling 
operations  prohibit  reasonable  projections  beyond  1970.  In  the  sand 
and  gravel  industry,  water  requirements  in  all  use  categories  are 
expected  to  increase  about  fivefold  by  the  year  2020  (table  17). 

Annual  land  use  by  the  subarea's  mineral  industries  is  expected 
to  increase  from  about  56  acres  in  1970  to  263  acres  in  2020.  The 
cumulative  1960-2020  total  of  7,264  acres  represents  about  0.6  per- 
cent of  the  three-county  area  and  15.8  percent  of  total  projected 
land  use  by  tlie  mining  industry  in  the  Grand  River  Basin.  Essen- 
tially all  of  the  land  requirement  in  the  subarea  will  be  for  sand 
and  gravel  operations  that  will  probably  be  concentrated  in  Ionia 
and  Barry  Counties,  table  18. 

The  Bureau  of  Mines  strip  and  surface  mine  survey  shows  that 
1,595  acres  have  been  disturbed  as  of  the  end  of  1965.  Of  the  1,595 
acres,  1,365  were  disturbed  by  sand  and  gravel  producers,  20  sand- 
stone (no  longer  quarried),  and  210  borrow.  Data  on  land  disturbed 
for  marl  and  peat  are  not  available. 

12.  SUBAREA  C - LANSING 


a.  General  Description.  This  subarea  comprises  the  Counties 
of  Clinton,  Eaton,  and  Ingham,  which  have  a combined  area  of  1,697 
square  miles.  In  1960,  the  population  totaled  298,949  persons  of 
which  107,802  or  36  percent  resided  in  the  City  of  Lansing,  the  State 
Capitol . 

The  mineral  commodities  produced  in  the  subarea  include  clay, 
limestone,  sand,  gravel,  and  peat.  All  are  available  in  sufficient 
quantity  to  satisfy  projected  accumulated  demand  through  2020.  Clay, 
sand  and  gravel  are  particularly  abundant.  Sand  and  gravel  are 
obtained  from  well-sorted  glaciof luvial  deposits  ranging  up  to  200 
feet  thick.  Clays  are  taken  from  the  Saginaw  Formation  of  Paleozoic 
age,  which  forms  the  bedrock  of  most  of  the  subarea.  The  subarea  is 
the  only  one  in  the  Grand  River  Basin  without-  oil  and  gas  production 
or  reserves,  although  some  oil  was  produced  in  Clinton  County  during 
the  early  1940's.  Other  resources  include  sandstone  and  coal,  which 
is  not  economic  to  mine.  Some  brine  is  produced  for  higliway  use 
(see  page  F-11 ) . 

b.  Subarea  Mineral  Industry.  Value  of  mineral  production  in 
1960  was  $1,634,000,  ranking  this  subarea  fourth  in  value  of  mineral 
output  in  the  Basin.  Table  19  shows  that  only  data  on  sand  and 
gravel  are  available  for  publication. 
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TAliLl'.  19.  - Mineral  production  in  Sub^rta  C - LtiiisinR.  1960 
(thousands  of  short  ions  aiic!  t •' nusaiiU.-.  of  dollars) 


Conmod  i t 

Ouant it  V 

% of  Basin 
total 

Value 

Flay 

a/) 

(i/ ) 

a/) 

Limestone 

a/) 

(1/) 

a/) 

Sand  and  gravel 

1,669 

18 

1,338 

Peat 

a/) 

(1/7 

(1/) 

Total 

XXX 

X X 

1,634 

\_i  Figure  withheld  to  avoid  disclosing  individual  company  confiden- 
tial data.  However,  value  data  are  included  in  subarea  total. 


At  the  end  of  1960,  there  were  33  mineral  producers  including 
State,  countv,  and  private  concerns.  Of  the  33  producers,  23  were 
engaged  in  sand  and  gravel  operations,  two  limestone,  four  clay, 
and  four  peat.  The  nun.ber  of  persons  employed  in  mining  totaled  126 
or  17  percent  of  the  Basin  total. 

Sand  and  gravel  producers  were  the  mineral  industry's  largest 
water  users.  The  water  data  are  shown  in  table  3. 

Water  use  in  the  petroleum  industry  for  oil  well  drilling  oper- 
ations totaled  an  estimated  1.1  million  gallons  in  1960.  There  were 
nine  well  completions,  all  dry  holes. 

Mineral  industry  activity  was  widely  scattered  throughout  the 
subarea.  There  were  43  active  sand  and  gravel  pits,  four  clay  pits, 
two  limestone  quarries,  and  four  peat  pits.  Land  use  estimates  for 
the  mineral  industry  were  limited  to  sand  and  gravel  requirements 
(table  4). 


c.  Subarea  Projections.  All  of  the  mineral  commodities  pro- 
duced in  the  subarea  are  expected  to  increase  steadily  in  output 
through  the  year  2020.  The  subarea  is  expected  to  lead  the  Basin  in 
the  production  of  limestone.  Sand  and  gravel  will  dominate  mineral 
industry  activity  in  the  subarea  and  rank  second  after  that  of  Sub- 
area  A in  quantity  (table  20).  Mineral  industry  employment,  most  of 
which  will  be  in  sand  and  gravel  mining  and  processing,  is  projected 
in  table  7. 


•ea  C - Lansinn  proiected  nunora 
(thousands  of  short  tons) 


Water  use  requirements  in  tiie  sard  and  .tavel  industry  are  pro- 
ji'eted  to  increase  about  lourlold  (talile  i'he  projected  increase 

in  the  output  ol  limestoni  may  result  in  a water  requirement  tor 
this  industry  sometime  in  tlie  future,  but  requirements  will  be  small 
in  comparison  to  sand  and  gravel  water  use.  In  the  search  for 
petroleum  and  natural  gas,  water  requirements  tor  drilling  operations 
are  expected  to  be  about  60,000  gallons  in  1970. 


TA15LK  dl.  - Subarea  C - Lansiny  projected  annual  water  use  in 
the  sand  and  itravel  industry  (millions  of  gallons) 


Year 

Intake 

Di schar ge 

Recirculated 

Consumed 

1970 

1 

128 

123 

528 

5 

1980 

175 

168 

724 

7 

1990 

232 

223 

959 

9 

2000 

322 

309 

1,332 

13 

2010 

1 

438 

1,811 

17 

2020 

592 

1 

569 

2,451 

23 

Annual  land  use  by  the  subarea's  mineral  industries  is  expected 
to  increase  front  about  77  acres  in  1970  to  about  351  acres  in  2020 
The  cumulative  1960-2020  total  of  9,657  acres  represents  about  0.9 
percent  of  the  three-county  area  and  21  percent  of  total  projected 
land  use  by  the  mining  industry  in  the  Grand  River  Basin.  Most  of 
the  land  requirement  in  the  subarea  will  be  for  sand  and  gravel  oper 
ations,  which  will  probably  be  widely  scattered  through  the  area 
(table  22) . 

The  Bureau  of  Mines  strip  and  surface  mine  survey  shows  that 
1,892  acres  have  been  disturbed  by  mining  as  of  the  end  of  1965.  Of 
the  1,892  acres,  1,495  were  disturbed  by  sand  and  gravel  producers, 
175  borrow,  127  limestone,  62  clay,  and  33  coal.  Data  on  land  dis- 
turbed by  peat  operators  are  not  available. 
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TABLE  22.  - Subarea  C - Lansint:  proiected  land  ’:b(; 

(acres) 


Commod i t y 

1 

1970 

1980 

1990 

2000 

2010 

2020 

1960-2020 
(cumulat i ve) 

' 1 a V 

3 

4 

4 

6 

9 

11 

300 

Limestone 

5 

7 

9 

11 

16 

21 

1/  560 

Sand  and  gravel j 

69 

94 

124 

172 

235 

318 

8,775 

Real 

(2/) 

J 

(2/) 

(2/) 

(2/) 

(2/) 

(2/) 

25 

Total 

1 

77 

105 

137  : 

1 

189 

260 

350 

9,657 

1 IV70-2U20. 


Less  ttian  1 acre. 


13.  SL'B/XREA  D - NORTHEAST  FRINGE 


a.  General  Description.  This  subarea  comprises  the  counties 
at  Gratiot  and  Shiawassee  with  a combined  area  of  1,272  square  miles. 
The  two-county  subarea  is  predominantly  rural.  The  major  urbanized 
areas  wittiin  the  subarea  lie  in  the  Saginaw  River  watershed  where 
there  is  also  located  most  of  the  subarea's  mineral  industry  activity 
including  all  of  the  output  of  clay  and  of  salt  and  salines  from 
brine  and  most  of  the  petroleum  and  natural  gas. 

The  mineral  commodities  produced  in  the  subarea  are  available 
in  sufficient  quantity  to  meet  projected  future  demand.  A notable 
exception  is  petroleum  and  natural  gas,  which  are  on  the  decline 
because  of  limited  reserves.  Sand  and  gravel  are  particularly  abun- 
dant in  glacial  drift  which  has  a thickness  in  excess  of  400  feet. 
There  are  also  large  reserves  of  brine  for  salt  extraction  but  rela- 
tively small  reserves  of  peat. 

b.  Subarea  Mineral  Industry.  Value  of  mineral  production  in 
1960  was  SI, 361,000  excluding  salt  and  saline  values  (table  23). 

At  the  end  of  1960,  there  were  10  mineral  producers  including 
State,  county,  and  private  concerns,  but  excluding  petroleum  and 
natural  gas  producers.  Of  the  10  producers,  eight  were  engaged  in 
sand  and  gravel  operations,  one  in  clay,  and  one  in  salt  and  salines. 
Mineral  industry  employment,  including  that  in  production  of  petro- 
leum, natural  gas  and  nonmetallic  minerals,  totaled  75,  which  was 
10  percent  of  the  Basin  total. 
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TABLK  23. 


- Mineral  urucJ'iction  in  Subarea  D - 
NortheaaL  Fringe.  I960 
(thousands  of  short  tons  and  thousands  of  dollars) 


Coramoditv 

1 7o  of  Basin 

1 total 

Value 

Clay 

(1/) 

1 

(i/) 

(1/) 

Sand  and  gravel 

1,003 

10 

a/) 

, ■-)  / 1 

Natural  gas—  i 

10,000 

1 

2 

Pet  roleuml/ 

205 

7 

596 

Total-'' 

XXX 

X X 

1,361 

2./  Figure  withheld  to  avoid  disclosing  individual  company  confi- 
dential data.  However,  value  data  are  included  in  subarea  total. 
2 ' Thousands  of  cubic  feet  . 


_3/  Thousands  of  42-gallon  barrels. 

4 Data  for  bromine,  calcium  compounds,  magnesium  compounds,  and 
salt  not  included  in  order  to  avoid  disclosing  individual 
company  confidential  data. 

Water  use  in  the  petroleum  industry  for  oil  well  drilling  oper- 
ations totaled  an  estimated  1.4  million  gallons  in  1960.  There  were 
35  well  completions,  of  which  15  were  oil  wells,  14  showed  gas,  two 
showed  oil,  and  four  were  dry  holes.  Oilfield  brine  production 
totaled  212,065  barrels,  of  which  209,145  was  returned  to  formation 
and  2,920  barrels  was  disposed  in  surface  pits  and  on  highways  for 
ice  control  and  dust  allayment.  Sand  and  gravel  water  data  are 
shown  in  table  3. 

Land  use  by  the  mineral  industry  in  Subarea  D during  1960  is 
estimated  at  28  acres  or  9 percent  of  the  Grand  River  Basin  total. 
Mineral  industry  activity  was  largely  concentrated  in  the  Saginaw 
watershed.  There  were  about  12  active  sand  and  gravel  pits,  one 
clay  pit,  and  one  brine  operation  for  salt  and  saline  extraction. 
Petroleum  and  natural  gas  operations  included  31  producing  oil  wells 
and  seven  gas  wells.  The  actual  space  occupied  by  well  equipment 
totaled  loss  than  3 acres.  Table  4 shows  a breakdown  of  estimated 
land  use  in  1960. 

c.  Subarea  Projections.  Projected  mineral  output  in  the  sub- 
area indicated  steady  annual  increases  in  clay,  sand  and  gravel  pro- 
duction through  the  year  2020.  The  subarea  is  expected  to  rank 
first  in  clay  production  and  fourth  in  sand  and  gravel  output. 
Petroleum  and  natural  gas  production  will  probably  diminish  to  zero 
before  1980.  Projections  are  shown  in  table  24. 
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TABLE  2A . - Subarea  D - Northeast  Fringe  pruicctcci  mineral  production 

(thousands  of  short  tons) 


o 

> 

CN 

•1^ 

O 

CnI 

CTJ 

1 

r— 4 

o 

3 

VO 

E 

Ov 

3 

U 

o 

o 

lA 

CvJ 

o 

o 

r«^ 

1— 1 

m 

.-H 

fNj 

»> 

X 

230 

o 

O 1 1 

o 

m 

o 

o 

r*^ 

O 1 1 

r-^ 

CNJ 

r 

1990 

125 

1,600 

o 

o o 

X 

O O 1 1 

O' 

^ rvj 

»> 

o 

m o o o 

m m 

o^ 

X 

Mineral  industry  employment  is  expected  to  remain  relatively 
unchan)j,ed  to  1990.  Alter  1990  it  is  projtcted  to  increase  slowly 
througli  2020.  Projected  empli>yment  is  shown  in  table  7. 

In  the  sand  and  gravel  industry,  water  requirements  in  all  use 
categories  are  expected  to  increase  about  fivefold  by  the  year  2020, 
see  table  25.  Water  use  by  ttie  petroleum  industry  is  projected  to 
be  125,000  gallons  in  1970;  projection  further  into  the  future  is 
impractical  because  ot  the  uncertainties  of  drilling  and  discovery. 


TABLE  25.  - Subarea  D - Nortlieast  Fringe  projected  annual 
water  use  in  the  sand  and  gravel  industry 
(millions  of  eallons) 


Year 

Intake 

Discharge 

Recirculated 

Consumed 

1970 

44 

42 

112 

2 

1980 

63 

59 

159 

4 

1990 

84 

79 

213 

5 

2000 

115 

108 

292 

7 

2010 

157 

148 

399 

9 

2020 

210 

197 

528 

13 

Annual  land  use  by  the  subarea's  clay,  sand  and  gravel  industries 
is  expected  to  increase  from  a projected  26  acres  in  1970  to  123 
acres  in  2020.  The  cumulative  1960-2020  total  of  3,490  acres  repre- 
sents about  0.4  percent  of  the  two-county  area  and  7.6  percent  of 
total  projected  land  use  by  the  mineral  industry  in  the  Grand  River 
Basin.  Land  use  projections  are  shown  in  table  26. 


TABLE  26 . - Subarea  D - Northeast  Fringe  projected 

land  use  (acres) 


Commodit V 

1970 

1980 

1990 

2000 

2010 

2020 

1960-2020 
(cumulat ive ) 

Clay 

3 

4 

6 

8 

10 

13 

415 

Sand  and  gravel 

23 

33 

44 

61 

83 

110 

3,075 

Total 

26 

37 

1 

50 

69 

93 

123 

3,490 
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Tlic  Bunau  ol  Mines  strip  and  surlate  mine  survey  i.  l'<oP  siiows 
lliai  1,155  acres  ol  land  liavc  Been  disturhed  t>y  mining  a^  ot  the  end 
of  1465.  Of  the  1,155  acres,  760  were  disturbed  by  sand  and  gravel 
prodiuers,  15  clay,  40  coal,  200  peat,  and  140  borrow, 
i 

I 

14.  SL'B<\KEA  K - JACKSON 

a.  General  Description.  The  Jackson  Subarea,  the  only  single 
count  V subarea,  has  an  area  of  705  square  miles.  In  1960,  the  popu- 
lation totaled  131,994  ol  which  about  52,000  or  40  percent  were  in 
tlu  City  of  Jackson. 

The  subarea's  mineral  industry  was  one  of  the  smallest  in  the 
Basin  until  the  discovery  of  oil  and  gas  along  the  Albion-Pulaski- 
Scipio  Trend  in  1959.  This  oil-producing  province,  one  of  tlie  most 
important  discovered  in  Micltigan,  cuts  across  the  southwestern  cor- 
ner of  the  subarea,  but  lies  outside  of  the  Grand  River  watershed. 
Proved  reserves  are  relatively  small,  on  the  order  of  a few  million 
barrels.  Production  was  on  the  decline  in  1965  after  reaching  a 
peak  in  tlic  early  1960's.  All  of  the  otiier  mineral  commodities  pro- 
duced in  tile  subarea  are  available  in  sufficient  quantity  to  meet 
projected  future  demand.  Sand  and  gravel  are  particularly  abundant 
in  glacial  drift,  which  has  a tliickness  in  e.xcess  of  300  feet. 

b.  Subarea  Mineral  Industry.  Value  of  mineral  production  in 
1960  was  $5,715,000,  ranking  this  subarea  a close  second  to  Subarea 
A - Grand  Rapids.  Of  all  the  subareas  in  the  Basin,  Subarea  E - 
•Jackson,  ranked  first  in  the  production  of  petroleum,  natural  gas 
and  sandstone.  Ouantity  and  value  of  output  are  shown  in  table  27. 


TABLE  27.  - Mineral  production  in  Subarea  E - Jackson.  1960 
(thousands  of  short  tons  and  thousands  of  dollars) 


1 

C ommodi t v 

|H||||||||| 

of  Basin 
total 

Value 

Limestone 

24 

a/) 

57 

Marl 

2 

13 

1 

Sandstone 

11 

100 

94 

Sand  and  gravel 

462 

5 

385 

.Natural  gas.=-''’ 

603,000 

59 

129 

Pet  roleum^'^ 

1,735 

59 

5,049 

Total 

X X X X 

X X 

5,715 

1_/  Figure  withhold  to  avoid  disclosing  individual  company  confi- 


dential data. 

jJ/  Thousands  of  cubic  feet. 

2^  Thousands  of  42-gallon  barrels. 
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At  i lu'  fud  ut  196(J,  t 111'  '.virt  niiu-  minir^l  producers  including 
St  tie,  county,  aiul  ptivut,  ,ont(ins,  i-ut  .vcKdin^  petroleum  nnd 
natuitil  gas  producers.  Ot  tiu-  uiin  pioPi^cis,  lour  were  engaged  in 
stind  trad  gravel  opertit  i oii:^ , tl.rce  sandstone,  one  limestone,  and  one 
marl.  Mineial  industry  emi>  1 o,  nt  , including  tliat  in  production  of 
petroleum,  natural  ga  ; and  non"iet  a I 1 I c minerals,  totaled  142,  which 
v.-.ts  19  percent  of  the  leasin' :>  tota'  r-eneral  industry  employment. 

Water  use  in  the  pitiolcum  industry  i or  oil  well  drilling  oper- 
titions  tiUalcd  an  esti.natcd  14  million  gallons,  the  highest  for  any 
subarea  petroleum  indiistrv  activity  in  the  Basin  during  1960.  There 
were  131  well  eom|>let  i on , ol  which  7d  v.'ere  oil  wells,  one  gas  well, 
and  52  dry  lioles.  Oiltield  brine  production  totaled  181,770  barrels, 
of  wliicii  lb  7, 170  were  leturiud  to  formation  and  14,600  were  disposed 
in  surface  pits  and  on  liigbways  tor  ice  control  and  dust  allayment. 

The  cinly  otlier  water  users  in  tlie  mineral  industry  were  sand  and 
gravel  producers.  Sand  and  gravel  water  data  are  tabulated  in 
table  3. 

Land  use  by  tiie  mineral  industry  in  Subarea  E during  I960  is 
estimated  at  about  19  acres  or  only  6 percent  of  the  Grand  River 
basin  total.  There  were  about  seven  active  sand  and  gravel  pits, 
one  limestone-  quarry,  th.rce  sandstone  quarries,  and  one  marl  pit. 
Petroleum  and  natural  gas  operations  Included  114  producing  oil  wells 
and  one  gas  well.  The  actual  space  occupied  by  well  equipment  was 
onlv  about  5 acres.  Table  4 shows  a breakdown  of  estimated  land  use 
in  1960. 

c.  Subarea  Projections.  Projected  mineral  output  in  the  sub- 
area  indicates  sharp  declines  in  petroleum  and  natural  gas  produc- 
tion through  1980.  After  1970  the  subarea  siiould  continue  to  lead 
the  Basin  in  natural  gas  production  but  crude  oil  output  is  expected 
to  rank  second  after  Subarea  A - Grand  Rapids;  it  is  assumed  that 
all  of  the  Basin's  oil  wells  will  be  put  on  a stripper  basis  during 
the  1970' s and  that  the  greater  number  of  wells  in  the  Grand  Rapids 
subarea  will  yield  more  oil  annually  than  the  smaller  number  of  wells 
in  the  Jackson  subarea.  Of  the  other  mineral  commodities,  the  out- 
puts of  limestone,  sandstone,  sand  and  gravel  are  expected  to  rise 
steadily  during  tlie  projection  period,  whereas,  that  of  marl  will 
remain  unchanged.  Projections  are  shown  in  table  28. 

The  decline  in  fuel  output  and  the  rise  in  nonmetal  lie  mineral 
production  are  expected  to  maintain  a relatively  steady  level  of 
employment  until  1980.  Thereafter  employment  should  trend  upward 
through  2020.  Projected  employment  is  shown  in  table  7. 

.\'atcr  use  by  the  petroleum  industry  for  well  drilling  is  expected 
to  be  about  l.l  million  gallons  in  1970.  The  uncertainties  of  drill- 
ing operations  prohibit  realistic  projections  beyond  1970.  Future 
water  requirements  tor  the  subarea's  sand  and  gravel  industry  are 
projected  through  the  vear  2020  (table  29). 
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lAliLE  29.  - Sul)area  E - Jacksi.iii  proU-cLed  annual  water 
use  in  the  sand  a- d >.4t'avcl  industry 
(millions  ol  t:a  lions) 


Year 

I nt  ake 

Di scharge 

Keci rculated 

Consumed 

19  70 

33 

11 

50 

2 

1980 

46 

43 

70 

3 

1990 

60 

57 

92 

3 

2000 

83 

79 

127 

4 

2010 

114 

108 

174 

6 

2020 

155 

147 

238 

8 

Annual  land  use  by  the  subarea's  mineral  industries  is  expected 
to  increase  from  a projected  24  acres  in  1970  to  110  acres  in  2020. 

The  cumulative  1960-2020  total  of  3,026  acres  represents  about  0.7 
percent  of  the  subarea  and  6.6  percent  of  total  projected  land  use 
by  the  mineral  industry  in  tlie  Basin.  All  but  a small  portion  of  the 
land  requirement  in  the  subarea  will  be  for  sand  and  gravel  operations, 
which  will  probably  be  widely  scattered  tliroughout  the  county.  Land 
use  projections  are  presented  in  table  30. 


TABLE  30.  - Subarea  E - Jackson  projected  land  use 

(acres') 


Commodity 

1970 

1980 

1990 

2000 

2010 

2020 

1960-2020 
(cumulative ) 

Limestone  and 
sandstone 

1 

2 

3 

4 

5 

7 

i,'  180 

Marl 

(2/) 

(2/) 

an 

(2/) 

(2/) 

(2/) 

11 

Sand  and  gravel 

23 

30 

41 

55 

75 

103 

2,835 

Total 

24 

32 

44 

59 

80 

110 

1 

3,026 

1970-2020  cumulative. 
2/  Less  than  1 acre. 


Tile  Bureau  of  Mines  strip  and  surface  mine  survey  shows  tliat 
619  acres  of  land  have  been  disturbed  by  tlie  mining  industry  as  of 
tiie  end  of  1965.  Of  the  619  acres,  430  were  disturbed  by  sand  and 
gravel  producers,  31  limestone,  28  sandstone,  15  coal,  five  clay, 
and  110  borrow. 
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Si'CTio:,  V 
RKCOMMKNI)ATln:.'h 

The  riLi'uLi.un  ol  mim-ial  riuhts  lor  oii  and  t^as  by  the  present 
owners,  as  provided  by  cxistinp  mal  estate  aeiiuisition  agreement 
between  the  Department  ol  the  Interior  and  tlje  Army,  will  be  in  the 
best  National  interest  and  will  promote  (onservation  of  our 
resources  . 

Implementation  of  the  following  recommendations  would  provide 
accurate  and  detailed  specific  data  useful  in  future  Basin  planning 
studi es  . 

1.  Continue  gathering  data  on  water  use  by  tlie  sand  and 
gravel  industry. 

2.  Continue  research  on  water  pollution  problems  related  to 
the  mineral  industries. 

3.  Conduct  studies  on  production  of  construction  materials, 
particularly  sand  and  gravel,  in  relationship  to  con- 
struction indexes  as  an  aid  in  making  projections  of  local 
demand . 

4.  Periodically  collect  data  on  land  use  and  reclamation  by 
the  mineral  industries  to  determine  trends  useful  in 
making  projections  of  land  use  needs. 

5.  Collect,  prepare,  and  publisii  inform, ation  on  land  require- 
ments for  mineral  production  specifically  designed  to  aid 
local  communities  in  making  realistic  zoning  regulations. 

These  recommendations  arc  being  implemented  in  part  by  the 
Bureau  of  Mines  witiiin  limits  imposed  by  personnel  and  budgetary 
restrictions.  The  Bureau  would  be  willing  to  accelerate  work  in  any 
of  these  areas  should  the  need  become  apparent  and  necessary  funds 
be  made  available. 


SECTION  VI 
SUMMARY 

The  mineral  industrv  lias  played  an  important  role  in  the 
development  of  the  Basin's  economy,  and  a continuing  healthy  mineral 
industry  is  necessary  to  support  the  area's  anticipated  growth  in 
the  future.  In  1960,  the  value  of  production  exceeded  $17.8  million. 
Nearly  half  of  this  total  was  a result  of  crude  oil  production,  which 
has  since  begun  to  decline  because  ot  small  reserves.  tfowever , the 
Basin  is  richly  endowed  with  construction  materials  including  sand, 
gravel,  gypsum,  stone,  and  clay.  Reserves  of  brine  for  salt  and 
saline  extraction  are  also  very  large.  Those  commodities  have  con- 
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trilnitcd  to  tb.c  Basin' t-  economy  since  t'ne  days  of  thi  early  settlers 
and  will  continue  to  support  development  lonp,  after  tlie  oil  and  gas 
fields  have  Been  depleted. 

An  adequate  supply  of  water  is  essential  lor  mining  and  process- 
ing sand  and  gravel.  Although  the  sand  and  gravel  industry  is  a sub- 
stantial user  of  water,  actual  water  consumed  and  lost  to  tlie  drain- 
age system  is  minor.  Because  of  the  relatively  generous  supply  of 
water  throughout  the  Basin,  few  supply  problems  are  anticipated. 
Pollution  by  discharges  from  sandstone,  limestone,  sand  and  gravel 
processing  tacilitics  can  usually  be  solved  by  impoundments  to 
settle  out  deleterious  materials.  An  ever  potential  pollution  prob- 
lem is  brine  disposal  in  surface  pits,  on  liighways,  or  seepage  from 

Vv'ells  . 

Historical  data  on  land  use  and  reclamation  related  to  the  min- 
eral industry  are  fragmentary  and  largely  inconclusive.  It  is  some- 
wliat  apparent  however,  that  land  requirements  for  sand  and  gravel  in 
the  vicinity  of  urban  developments  will  present  a problem  in  the 
future  unless  proper  allowance  is  made  for  mineral  reserve  areas  in 
planning  such  developments.  It  is  also  apparent  that,  as  more  and 
more  land  is  used  for  minerals  extraction,  the  need  for  land  recla- 
mation in  formerly  mined  areas  will  increase  in  response  to  other 
land  needs  of  the  Basin's  expanding  population. 
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